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PREFACE 


The  use  of  large  scale  integrated  (LSI)  circuits,  and  especially 
custom  LSI,  in  military  equipment  is  currently  lagging  commercial  appli- 
cations by  a wide  margin.  Levels  of  integration,  i.e.,  the  number  of 
gates  per  chip,  being  used  in  commercial  applications  may  exceed  military 
applications  by  as  much  as  two  orders  of  magnitude.  It  has  been  esti- 
mated that  even  moderate  increases  (a  factor  of  10)  in  the  average  gate 
per  chip  density  will  result  in  significant  cost  savings  over  the  life 
cycle  of  military  electronics  hardware. 

A survey  of  industry  has  been  conducted  by  the  Naval  Avionics 
Center  in  order  to  obtain  information  that  will  be  useful  in  assisting 
Naval  Air  Systems  Command  management  in  an  orderly  introduction  and 
utilization  of  advanced  electronic  technologies  in  Fleet  hardware. 
Nineteen  companies  (two  divisions  of  one  company  gave  separate  responses) 
provided  comments  in  response  to  this  survey.  This  technical  report 
documents  the  survey  results. 
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ABSTRACT 


This  report  presents  the  results  of  an  industry  survey  coordinated 
by  the  Naval  Avionics  Center  to  obtain  information  on  issues  involved  in 
managing  the  timely  introduction  and  utilization  of  large  scale  integrated 
(LSI)  circuits  in  military  avionics  equipment.  Responses  were  received 
from  individuals  in  many  companies  representing  semiconductor  manufac- 
turers, avionics  equipment  suppliers,  and  airframe  contractors.  The 
responses  covered  a wide  range  of  issues  involving  LSI  usage  in  military 
avionics,  including  LSI  device  introduction;  device  obsolescence;  LSI 
specifications;  testing  and  qualification;  technologies  needing  Naval  Air 
Systems  Command  development  support;  needed  changes  in  MIL-specifications , 
standards,  etc.;  procurement  practices;  and  standardization.  Comments 
and  suggestions  receiving  varying  degrees  of  concurrence  among  the 
respondents  are  identified  and  discussed.  Detailed  answers  of  the 
respondents  to  the  survey  questions  are  also  included. 
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I.  INTRODUCTION 


This  survey  has  been  conducted  to  gather  comments  and  suggestions 
from  industry  on  a wide  range  of  issues  involved  in  the  introduction  and 
management  of  large  scale  integrated  (LSI)  circuits  in  military  equipment. 
Letters  containing  a questionnaire  were  sent  to  over  100  companies  com- 
prised of  semiconductor  manufacturers,  avionics  equipment  suppliers,  and 
airframe  contractors.  The  questionnaire,  presented  in  Appendix  A,  con- 
sisted of  questions  designed  to  bring  out  discussions  on  the  full  range 
of  issues  considered  important  by  the  respondents.  Companies  providing 
responses  to  the  survey  are  listed  in  Table  1 for  reference. 

The  purpose  of  this  report  is  to  summarize  the  results  of  the 
survey,  including  detailed  answers  of  the  companies  responding  to  the 
questionnaire.  The  comments  and  suggestions  resulting  from  this  survey 
are  being  considered  in  the  formulation  of  a Naval  Air  Systems  Command 
(NAVAIR)  plan  for  utilization  and  management  of  advanced  technologies; 
however,  such  a plan  is  not  detailed  in  this  report. 

The  replies  were  analyzed  in  order  to  identify  common  topics  and 
suggestions  being  put  forth  by  a number  of  respondents.  While  it  is  not 
necessarily  true  that  these  common  suggestions  are  the  best  solutions, 
it  is  instructive  to  observe  the  issues  on  which  various  degrees  of 
consensus  are  found.  Section  II  presents  comments  and  suggestions  having 
the  strongest  concurrence  among  the  respondents,  and  includes  represen- 
tative excerpts  from  their  comments  which  discuss  the  issue  in  detail. 

Also  included  in  the  findings  are  comments  and  recommendations  drawing 
common  support  from  some  of  the  respondents.  Comments  of  a general 
nature  are  included  in  Section  III.  The  detailed  discussions  of  each 
survey  question  by  each  answerer  are  presented  in  Section  IV. 

A table  of  acronyms  is  provided  in  Appendix  B. 


TABLE  1.  COMPANIES  PROVIDING  A RESPONSE  TO  THE  SURVEY 


Bendix,  Communications  Division 
Delco  Electronics  Division,  General  Motors  Corporation 
General  Electric  Company,  Aircraft  Equipment  Division 
Harris  Semiconductor,  Programs  Division 
Honeywell,  Inc. 

Hughes  Aircraft  Company 
IBM,  Owego 

Lear  Siegler,  Inc.,  Instrument  Division 
Litton,  Data  Systems 
McDonnell -Douglas  Corporation 
Motorola,  Inc.,  Semiconductor  Group 
Raytheon  Company,  Missile  Systems  Division 
RCA,  Government  Systems  Division 
Rockwell  International,  Collins  Division 
Sperry  Gyroscope 

Sylvania,  Electronic  Components  Group 
Texas  Instruments,  Equipment  Group 
Vought  Corporation 

Westinghouse  Electric  Corporation,  Advanced  Technology  Laboratories 


II.  SUMMARY  OF  FINDINGS 

The  answers  to  the  survey  were  analyzed  and  a tabulation  of  recur- 
ring themes  common  to  the  various  respondees  was  made  to  determine  the 
degree  of  consensus  among  the  companies.  There  were  nine  items  for  which 
there  was  a reasonably  strong  consensus,  i.e.,  mention  by  six  or  more 
respondents.  These  nine  items  are  given  in  Table  2 along  with  a matrix 
of  the  number  of  respondents  adhering  to  each  viewpoint.  It  should  be 
noted  that  even  though  there  was  a consensus  on  these  items,  there  was 
also  a significant  diversity  of  opinion  on  many  issues,  as  can  be  seen 
in  Section  IV. 

Although  the  companies  responding  to  this  survey  are  listed  in 
Table  1 for  reference,  throughout  the  remainder  of  this  report  a reason- 
able attempt  has  been  made  to  render  their  comments  anonymous  by  removing 
company  names  and  so  forth.  In  some  cases,  responding  individuals  gave 
their  personal  views  in  answer  to  the  questions,  which  were  not  neces- 
sarily the  policies  of  their  respective  companies. 

While  the  questions  were  designed  to  obtain  the  greatest  amount 
of  information  on  the  various  topics,  the  items  discussed  by  the  re- 
spondents are  bounded  by  the  set  of  questions  used.  The  individuals 
answering  the  survey  expressed  similar  ideas  in  different  ways; 
therefore,  the  writer  of  this  report  has  taken  reasonable  liberties 
in  assessing  the  concurrence  of  their  views. 
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A library  of  standard  cells  or  building 

blocks  and  computer-aided  design  tech- 

niques should  be  utilized  to  design 
military  custom  LSI. 

A means  for  second/multiple  sourcing 
should  be  provided. 

Integrated  circuit  technologies  used  in 
defense  equipments  should  be  restricted 
to  those  in  the  mainstream. 

Radiation  hardening  technology  devel- 
opments should  be  funded  by  NAVAIR. 

The  assembly/module  interface  level 
should  be  functionally  specified. 

Long-term  wafer  storage  for  future 
logistics  needs  is  probably  technically 
feasible  but  may  not  be  practical. 

Circuit/ device  requirements  should  be 
introduced  as  functional  specifications 

Maximum  use  should  be  made  of  universal 

gate  arrays,  programmable  logic  arrays, 
read-only  memories,  and  programmable 
function  electronics  in  general. 
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♦Companies  have  arbitrarily  been  assigned  numbers  in  random  order. 
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A.  Predominant  Comments  and  Suggestions 

The  comments  and  suggestions  with  the  greatest  concurrence  among 
the  respondents,  as  shown  by  Table  2,  are  as  follows: 

• A library  of  standard  cells  or  building  blocks  and 
computer-aided  design  techniques  should  be  utilized 
to  design  military  custom  LSI. 

• A means  for  second/multiple  sourcing  should  be  provided. 

• Integrated  circuit  technologies  used  in  defense  equip- 
ments should  be  restricted  to  those  in  the  mainstream. 

• Radiation  hardening  technology  developments  should  be 
funded  by  NAVAIR. 

• The  assembly/module  interface  level  should  be  functionally 
specified. 

• Long-term  wafer  storage  for  future  logistics  needs  is 
probably  technically  feasible  but  may  not  be  practical. 

• Circuit/device  requirements  should  be  introduced  as 
functional  specifications. 

• Maximum  use  should  be  made  of  universal  gate  arrays, 
programmable  logic  arrays,  read-only  memories,  and 
programmable  function  electronics  in  general. 

• MIL-M- 38510  and  MIL-STD-883  should  be  revised  in  light 
of  LSI,  especially  in  visual  criteria. 
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These  are  discussed  in  some  detail  by  collecting  excerpts  from  the  survey 
answers,  which  follow  later  in  this  section.  In  general,  the  excerpts  are 
as  originally  written.  In  a very  few  cases  minor  modifications  have  been 
made  for  continuity  and  readability.  Material  taken  from  the  survey  respon- 
ses will  be  shown  in  script  type  for  easy  identification.  Discussions 
taken  from  different  respondents  will  be  separated  by  asterisks  (*  * *). 

1 • A library  of  standard  cells  or  building  blocks  and  computer- 
aided  design  techniques  should  be  utilized  to  design  military  custom  LSI. 

* * * 

StandaAd  cell  appAoa.ch.eA  and  design  automation  tcchniqueA 
aAe  the  beAt  ways  ofa  attacking  the  development  and  tuAnaAound  time  pAoblems. 
VoV  and  NAl/AIR  might  wish  to  conAideA  fiuAtheA  development  pAogAams  in  thiA 
aAea  ao  a a to  teAAen  coAt  and  development  timeA . 

* * * 

CAD  tcchniqueA  Ahouid  be  uAed  with  emphaAiA  on  a Standard 
Cell  appAoach.  Automated  LSI  design  systems  have  been  developed  by  both 
hSA  and  NASA,  and  aAe  in  the  public  domain.  Uac  o£  theAe  AyAtemA  gAeatly 
AeduceA  tuAnaAound  time,  coAt,  and  Aisks  becauAe  ofi  the  laAge  amount  Oj$ 
automated  enroA  checking.  StandaAd  cellA  have  been  carefully  chaAacteAized 
ao  that  theiA  perfioAmance  can  be  pAedicted  accurately;  theAe^oAe,  automated 
layout  using  these  cells  has  a high  pAobability  o&  success. 

Every  e^oAt  should  be  made  to  avoid  the  multiple  tAy, 
minimum  aAea  pAoceduAes  which  aAe  common  in  the  commercial  semiconductoA 
industAy.  ilhile  thiA  technique  is  sensible  wheAe  an  LSI  chip  will  be 
manufactured  in  laAge  quantities  [hand  calculate  as  , far  example] , it  does 
not  make  sense  far  a 6 ew  thousand  pants  total. 

Use  ofi  the  StandaAd  Cell  family  appAoach,  while  not  minimiz- 
ing the  numbeA  o 6 devices,  would  allow  far  a gAeat  degAee  o(>  standardization 
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and  encourage  the  me  o f new  LSI.  Basically,  this  gets  back  to  the  Idea 
o f owning  both  the  designs  and  the  process  specifications , ok  placing  them 
in  the  public  domain. 

* * * 

A notheK  wag  to  Kedu.ce  LSI  qualification  cost  is  to  ba !>e  LSI 
designs  on  the  use  of  standaKd  cells  ok  universal  arrays  that  have  been 
qualified  on  previous  p*iog>um&.  Change*  In  the  interconnections  of  Such 
approved  cells  are  the  only  change  made  in  revising  the  function  being 
peKfoKmed.  This  approach  will  Keduce  the  cost  of  qualification  of  custom 
LSI  families.  Since  a major  portion  of  qualification  cost  is  associated 
with  the  cost  of  the  devices  used  in  testing,  the  elimination  ok  reduction 
in  qualification  testing  on  the  bos  is  of  similarity  within  the  family  of 
devices  generated  from  a standard  cell  library  would  result  in  substantial 
time  and  cost  savings . 

* » « 

Computer  placement  and  wiring  of  macro  cells  is  an  approach 
offered  by  a few  vendors  which  provides  moderate  develo)yment  cost  and  quick 
turnaround.  NAV AIR  should  capitalize  on  the  similarity  of  these  LSI 
approaches  by  funding  the  develoiment  of  common  macro  functions  and  the 
enhancement  of  the  computer  placement  and  wiring  programs.  These  programs 
should  be  enhanced  to  permit  input/output  pin  assignment  as  a design  input. 
These  developments  should  result  in  acceptable  alternate  sources. 

Recurring  costs  of  computer  placed  and  wired  macro  cells  are, 
of  course,  volume-dependent.  Those  functions  that  never  achieve  high  volume 
would  remain  unchanged  during  their  production  life.  However,  those  that 
achieve  high  volume  should  be  redesigned  using  conventional  hand  placement 
and  wiring  to  achieve  minimum  silicon  die  area  and  thus  minimize  cost. 

The  initial  computer  placed- and- wired  macro  cell  approach  phase  for  known 
high  volume  functions  offers  quick  devetoioment  time  at  moderate  cost,  and 
hardware  with  which  to  test  the  designs  in  a system  before  committing  to 
the  long,  costly  hand  layout  of  the  desired  LSI  functions. 

« * * * 
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2.  A means  for  second/multiple  sourcing  should  be  provided. 

* * * 

Foa  cuAtom  LSI  clAcultAy,  limited  avenueA  exlA t foA  InAuAlng 
long  team  availability  0f$  paAtA.  Initially,  development  of,  multiple  aouacca 
capable  of  AatlAfylng  the  device  function  Ahould  be  eAtabllAhed.  Honmatly 
thlA  will  AequlAe  Aome  aAAuAance  on  the  manufactuAeA'A  behalf  that  theAe 
functions  may  ultimately  be  effective  In  the  cormeAclal  maAket.  A Apeclal 
pAotectlon  could  oIao  Include  deAlgn  dlAcloAuAe  documentation  of  Auffuclent 
detail  to  tnAu/ie  that  any  *epu table  company  could  produce  the  device  even 
afteA  the  oAlglnal  company  haA  loAt  InteAeAt  due  to  economic  conAldeAatlonA . 

* * * 

To  pAotect  agalnAt  AupplleA  cataAtAophe,  multlAouAclng  Ia 
the  beAt  alteAnative.  HoweveA,  NAPAIR  muAt  Aecognlze  that  all  aouacca 
muAt  have  Auf flclent  annual  buAlneAA  In  oAdeA  to  Aemaln  an  effective  AouAce. 

* * * 

To  pAotect  agalnAt  vendoA  cataAtAophe,  uAe  off-the-Ahelf 
componentA  with  otheA  AouAceA.  When  a cuAtom  JC  Ia  developed,  eAtabllAh 
multiple  AouAceA. 

* * * 

The  beAt  pAotectlon  agalnAt  device  obAoleAcence  Ia  to  Imple- 
ment cuAAent  AtandaAd  multi- AouAced  devlceA  to  the  maximum  extent  poAAlble. 

* * * 

We  have  a AtAong  InteAnal  AtandaAdlzatlon  pAogAam  which 
AequlAeA  multiple  AouAclng,  theAeby  IncAeaAlng  the  pAobabUUty  that  we 
have  A elected  a technology  which  will  have  maximum  life  cycle. 

* * * 

When  a CAP  appAoach  Ia  uAed  (foA  example,  AtandaAd  cellA  oa 
unlveual  aAAayA ) , the  documentation  ( Including  line  qualification  devlceA ) 
can  be  dlAtAlbuted  to  multiple  vendoAA  and  Aequallflcatlon  can  eaAlly  be 
obtained  at  minimum  coAt. 

* * * 
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3.  Integrated  circuit  technologies  used  in  defense  equipments 
should  be  restricted  to  those  in  the  mainstream. 


* * * 

Restrict  the  use  of  I C technologies  to  those  which  are  in  the 
technological  mainstream,  and  ( {or  which  some  process  commonality  between 
suppliers  exists. 

A tentative  tut  would  be:  ECL,  S-TTL,  CMOS,  and  CMOS/SOS. 

Such  technologies  as  CCV,  I^L,  CMOS,  tWS,  V-VM OS,  etc., 
white  technically  attractive  in  certain  applications,  have  too  many  process 
and  layout  variations  from  company  to  company  to  lend  themselves  to  stan- 
dardization at  this  time,  ks  technologies  develop,  the  preferred  list  can 
be  upgraded. 

* * * 

The  risk  problem  could  best  be  solved  by  working  with  proven 
technologies  manufactured  by  proven  suppliers  who  are  committed  to  supply- 
ing custom  circuits,  and  in  particular  custom  circuits  for  the  VoV  market. 
This  also  attacks  the  problem  of  maintaining  reasonable  business  levels 
with  suppliers. 

* » * 

Use  a technology  which  is  less  likely  to  become  obsolete. 

One  example  is  CMOS/SOS,  which  is  not  presently  used  to  any  great  extent 
commercially,  but  is  supported  by  a great  many  system  houses  for  internal 
use.  While  SOS  chips  are  very  expensive,  by  commercial  standards,  they  are 
not  an  important  part  of  the  cost  of  the  systems  in  which  they  are  used. 

The  existence  of  a relatively  large  number  of  firms  which  have  committed 
this  technology  to  military  and  commercial  systems  that  can  be  expected 
to  have  long  life  stains  practically  assures  that  the  technology  will  be 
available  for  a reasonable  length  of  time. 

» * » 
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The  pnohit  is  not  in  the.  chip*,  but  in  the  systems  which  use 
’them.  Thenehone,  theae  ii>  much  lei-i  incentive  to  abandon  the  technology 
fan  another  which  would  nequine  a veny  expensive  system  nedaign. 

* * * 

Tonwand- loo  king  technology  selection  should  be  encounaged. 
Government  agenda  can  supply  a staong  influence  and  sense  oh  direction 
to  thae  ehhoA ts. 

* * * 

LSI  technologia  which  aAe  uied  should  be  proven  pnoce ssa 
that  one  nepnoduclble  hn-om  none  than  one  semiconduct  on  supplien. 

* * * 

Ton  optimum  quality  and  neliabitity  penhonmance,  make  tech- 
nology selections  whene  quality  and  neliability  one  built  into  the  pnoduct 
utilizing  pnocasa  that  have  been  on  will  have  been  in  use  h°n  one  to 
two  yeans,  and  whene  in-pnocas  contacts  can  be  utilized  to  moniton  the 
openation. 

* * * 

WAl/AIR  can  pnoteet  itselh  h’wm  the  evea-incneasing  pnoblems 
oh  devica /technologia  that  become  obsolete  duaing  the  openating  lihe  o<$ 
avionia  equipment  by  selecting  technologia  that  one  mains taeam  technolo- 
gia and  one  supponted  by  majon  Semico nducton  supplieas  committed  to  exploi- 
tation oh  thae  technologia  in  the  industaial  and  cormencial  manketplace. 
The  succas  oh  a.  semiconducton  supplien  in  building  a lange  cormencial 
catalog  oh  pants  and  in  stimulating  a host  oh  second  souace  supplieas  will 
assuae  longevity.  In  a succas  hul  technology,  evolutionaay  tnansitions 
occua  which  lengthen  the  lihe  oh  the  technology.  An  example  oh  evolution- 
aay tnansitions  is  the  shiht  in  CMOS  technology  hnom  Metal  Gate  to  Silicon 
Gate  to  sapphiae  substaota.  This  evolutionaay  pnognasion  should  be 
welcomed  since  it  will  extend  the  use  oh  the  basic  logic  technology  hon 
hive  to  ten  yeans  on  longea,  and  will  not  impact  equipment  daigns  as 
sevenely  as  might  a mone  basic  technological  shiht. 
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Avionics  equ ipment  designs  should  be  -implemented  in  broad- 
based  technologies  at  -the.  beginning  oh  their  production  cycle  in  the  semi- 
conductor industry.  Examples  oh  technology  to  be  considered  h°r  current 

2 

applications  are  bulk  CMOS  silicon  gate,  CMOS/SOS,  I L,  and  CCV;  as  opposed 

n 

to  considering  R TL,  VTL,  T L,  and  other  increasingly-obsolete  technologies 
which  may  stilt  be  in  production  at  some  vendors,  and  which  are  used 
extensively  in  operational  military  systems  designed  a decade  ago. 

* * * 

A general  comment  concerns  the  commonality  oh  LSI  processing 

over  certain  classes  oh  devices.  The  technologies  may  be  separated  into 

bipolar,  complementary  bipolar,  M OS  (N  or  P channel),  MW OS,  CCV,  etc. 

2 2 

Within  the  bipolar,  variations  such  as  ECL,  T L,  and  I L are  made.  How- 
ever, within  a given  process  ham<ly  the  ehhect  oh  scale  [size,  number  oh 
active  devices)  has  a less  than  direct  ehhect  on  reliability.  (Oh  course, 
scale  has  a very  prohound  ehhect  on  the  yield.)  Processing  commonality 
thus  makes  it  possible  to  more  quickly  introduce  larger  scale  integration 
into  equipment. 

* * * 

4.  Radiation  hardening  technology  developments  should  be  funded 

by  NAVAIR. 

* * * 

Radiation- hard  bipolar  and  M OS  technologies  needed  hor  some 
huture  avionics  systems  will  not  likely  evolve  as  spinohh*  i [rom  nonmilitary 
products.  Technologies  such  as  CMOS  and  I L have  the  potential  h°T  high 
levels  oh  integration  because  oh  low  power  consumptions . WAl/AIR  should,  as 
a minimum,  hand  the  development,  oh  radiation- hard  1 L because  oh  xts  poten- 
tial h0*-  extremely  high  integration  levels  and  high  radiation  hardness 
levels.  Funding  the  hardening  oh  the  CMOS  technologies  used  in  existing 
computer  placed- and-wired  macro  cell  approaches  to  LSI  should  also  be 
considered. 

* * * 
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One  technology  that  Mill  be  required  in  iuture  avionics 
systems  and  that  will  not  be  available  in  a timely  manner  a&  a spino a 
ir om  non-military  products  in  Radiation  Hardened  Technology.  CMOS/SOS 
La  a technology  that  haA  inherent  radiation  hardness  qualiticA . HoMever, 
military  funding  iA  required  to  develop  design  aidA  Auch  oa  standard 
cellA  and  universal  arrays  that  Mill  enhance  the  inherent  hardness  and 
Mill  be  useiul  to  meet  cuAtom  LSI  requirements  ion.  hardened  avionicA 
equipment. 


NAl/AIR  Ahould  iund  the  development  oi  thiA  technology  and 
the  enhancement  oi  its  hardness  capabilities  as  Mell  oa  AtandaAd  cell 
iamilieA  and  gate  universal  arrays.  Technology  choice  is  an  ever- 
changing  panorama. 

* * * 

The  leading  iutuAe  commercial  LSI  and  VLSI  technology  is 
NMOS.  UnioAtunately,  W M0S  is  the  least  desirable  oi  the  iuture  LSI  semi- 
conductor  technologies  when  considering  nuclear  radiation  hardening 
requirements . CMOS/SOS,  I^L,  and  T^L  oiieA  increased  capabilities  in 
this  area  but  they  Mill  not  approach  NMOS  in  commercial  use.  With  the 

. n 

exception  oi  I L,  commercial  use  oi  LSI  bipolar  technologies  Mill  be 
inhibited  by  larger  area  per  gate  and  poMer  diSAipation  requirements. 
Future  iunding  may  be  required  to  assure  that  essential  CMOS/SOS  and 
I L LSI  products  Mill  be  developed  and  reiined  to  meet  iuture  military 
system  requirements. 

• * • 


5. 

specified. 


The  assembly/module  interface  level  should  be  functionally 

* * * 


The  technology  can  be  managed  at  the  shop  replaceable  assembly 
(SRA)  level.  The  implementation  oi  a standard  modular  approach  such  as  that 
being  developed  in  the  Modular  Avionic  Packaging  (MAP)  Program  Mill  greatly 
iacilitate  the  management  oi  LSI  in  the  iuture.  This  approach  alloMA  ilexl- 
bility  in  achieving  technological  transparency  through  the  use  oi  iorm, 


12 


NAC  TR-2221 


hit,  and  h unction  speclhlcations  tailored  to  allow  alternative  approaches 
to  the.  implementation  oj  a given  hanctlon.  It  will  allow  a modular  ^anc- 
tlon  such  ai  a minicomputer  to  be  Implemented  with  alternate  LSI  chip 
de6lgn6  [e.g.,  Intel  8080A  v6.  AW V 90S0A),  yet  permit  the  module  level 
function  to  be  completely  tran6parent  and  amenable  to  advancing  technology. 
Maximizing  modularity  oh  equipment  design  provider  that  nece66ary  techno- 
logy upgrading  can  be  restricted  to  the  ahhUcte-d  6ub6y6tem6  and,  therehore, 
does  not  require  a complete  6y6tem  redesign.  It  allow6  the  hlzxlbillty  to 
Introduce  and  6ustaln  competition  throughout  equipment  production  programs. 
It  also  provides  an  environment  compatible  with  the  development  oh  multiple 
6ources. 

* * * 

6.  Long-term  wafer  storage  for  future  logistics  needs  is 
probably  technically  feasible  but  may  not  be  practical. 

* * * 

In  principle,  waher  6torage  Is  ^eoiibie.  In  practice,  how- 
ever, It  could  be  dangerous  6lnce  6emlconduetor  manuhacturers  might  6uccumb 
to  the  temptation  oh  6hlpplng  inherior  products  Into  6torage.  I believe 
that  It  Is  heatlble  to  maintain  a limited  6upply  oh  6emlproces6ed  waheM 
to  achieve  a ha6t  turn-around  hofL  logic  array6,  programmable  logic  units, 
etc.  But  products  hofl  spares  or  later  production  6hould  be  Inventorized 
hutly  packaged  and  tested. 

* * * 

The  aging  characteristics  oh  semiconductor  devices  In  waher 
honm  [lh  placed  In  the  proper  environment)  can  probably  be  neglected. 
However,  we  do  not  have  long-term  data  In  this  area.  I |{eei  that  the  major 
problem  Involved  In  trying  to  do  what  they  want  would  be  In  trying  to  keep 
all  the  peripheral  areas  Intact  and  In  good  shape  h°r  a long  period  oh  time. 

^ Tooling  would  get  lost  and  testing  programs  woutd  not  be  kept  up-to-date. 
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There  kind*  o h thing a would,  be  dihhicult  to  maintain  in  a high  6 tat  a oh 
AeadineAA  with  a high  degA.ee  oh  conhidence. 

* * * 

VeviceA  should  be  AtoAed  pAeherably  in  the  packaged  Atate; 
however,  i h AtoAage  in  the  wa£e a 4-fctte  L6  neceAAary,  a dry  nitrogen  atmoA- 
phe Ae  -ci  A ecommended  along  with  AeinApection  prior  to  uAe. 

* * » 

Technically,  the Ae  if>  no  majoA  problem  Atoring  bipolaA  tech- 
nologic!), and  we  do  not  anticipate  any  majoA  pAoblem  with  Aurhace  Aelated 
device a . The  a eal  pAoblemA  aAe  aAAociated  with  planning  and  maintaining 
the  AeAouAceA  AequiAed  to  pAovide  the  teAting  and  packaging  0 h the  devicer 
over  an  extended  period  oh  time. 

* * * 

ThiA  concep-t  iA  fieaAible.  Howeve a,  we  recommend,  on  techni- 
cal gAoundA,  againAt  waheA  AtoAage  due  to  poAAible  handling  damage.  Vice 
AtoAage  would  be  moAe  advisable.  StoAage  would  have  to  be  in  a day,  duAt 
iAee,  ineAt  environment.  Aging  Ahould  not  be  a pAoblem. 

* * * 

TAom  an  economic  acuac,  NAUA1R  would  have  to  puAchaAe  the 
inventoAy  and  pAovide  ho  A the  caAAying  coAt  oh  that  inventoAy.  NAUA1R 
would  alAO  have  the  pAoblem  oh  pAocuaing  the  packaging  and  teAting  opera- 
tion when  the  dice  had  to  be  packaged.  In  addition,  WAl/AIR  would  have  to 
waAAanty  that  the  dice  were  good  beyond  one  year,  Aince  that  Ia  the 
AemiconductoA  induAtAy  waAAanty  period. 

• • • 

Semico nducto A waheAA  could  be  AtoAed  in  dry  nitrogen  with 
little  oa  no  apparent  ag-eng.  I have  a "gut  4ee£"  that  due  to  the  rate 
oh  change  oh  the  technology,  they  would  probably  not  get  uAed  anyway. 

* * * 

We  believe  that  partA  Ahould  be  Atored  in  aAAembled,  teAted 
horn  Aathe a than  oa  waheAA.  Tor  LSI  partA,  the  coAt  oh  the  package  Ia 
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lex*  than  the  cost  of,  a good  chip,  * o that  potential  cost  advantage * of 
xtorage  in  wafer  form  axe  offset  by  the  risk*  of  storing  unprobed  chips 
on  unprotected  wafers  in  unclean  environment* . If  it  is  desired  to  store 
part*  in  wafer  form,  then  wafer*  *hould  be  fully  texted  and  inked,  and 
complete  text  data  *tored  for  each  good  chip  along  with  identification 
of  the  chip  in  the  wafer  matrix.  All  wafer*  *hould  be  *tored  in  a flowing 
dry  nitrogen  ambient  in  a du*t  free  cabinet.  Preferably,  a pa**ivation 
technique  *hould  be  uxed.  Aluminum  metallization  cannot  be  expo*ed 
becau*e  it  can  corrode.  We  have  experienced  exce**ive  leakage  and  lack 
of  metal  continuity  in  improperly  *tored  CAWS  wafer*  after  *everal  year*. 

* * * 


7.  Circuit/device  requirements  should  be  introduced  as 
functional  specifications. 


* * * 

Military  equipment  and  device  manufacturer*  have  hi*torically 
dexired  to  "perxonalize"  their  product  in  their  *hop:  that  ix,  program  a 
micro  pro cex* or,  lay  out  the  architecture  of  an  FPLA,  etc.  There  ix  a para- 
dox here  that  must  be  conxidered.  Device  manufacturer*  ivant  the  freedom 
and  flexibility  to  modify  their  product*  a*  they  xee  the  need*  of  the 
marketplace.  Top-down  technology  direction  from  the  Department  of  Defence 
[DoD] , even  though  well-intentioned,  could  lead  the  IC  industry  into  an 
area  or  product,  group  which  ultimately  could  turn  out  to  be  wrong.  The 
prexent  structure  of  the  LSI/IC  marketplace  conxixtx  of  multiple  and  dix- 
tributed  technologic* , procexxex,  and  expertixe,  competing  freely.  While 
thix  xtructure  ix  far  from  perfect,  it  may  be  preferable  to  a federally- 
controlled  device /techno logy  program.  A compromixe  xolution  may  be  for 
the  military  to  identify  it*  LSI  need*  from  a functional  rather  than  a 
device  perspective.  In  thix  way  the  LSI  manufacturer*  could  competitively 
create  what,  they  feel  are  the  bcxt  technologies , architecture*,  and 
procexxex  to  perform  the  required  function. 


NAC  TR-2221 

LSI  specifications  should  reflect  terminal  performance 
requirements , not  internal  architectural  requirements . Knowledge,  of  the 
internal  workings  otf  an  LSI  such  as  that  necessary  to  do  tingle  gate  f ault 
testing  may  become  let s important  at  tut  philosophies  for  LSI  evolve. 

It  it  already  prohibitively  cottly  in  Aome  catet  to  tett  an  LSI  exhaust- 
ively.  As  devicu  inereate  in  complexity  to  VLSI,  terminal  performance 
tuting) specifications  l that  it,  tetting  for  the  function  required  in  a 
tpecific  application)  may  be  the  only  practical  tett  method. 

* * * 

Specify  cut  tom  LSI  parti  replacement  on  the  bat  is  of  t$unc- 
tional  equivalence  at  the  but  protection  against  the  possibility  of  future 
parts  unavailability  and  technology  obsolescence,  functional  equivalence 
it  defined  as  a replacement  part  having  identical  electrical  and  logic 
characteristics  to  the  original  part,  and  having  the  same  external  pack- 
aging configuration  le.g.,  24-pin  VIP)  with  identical  pin  assignments . 

The  acceptance  of  functionally  equivalent  parts  will  obviate  the  need  to 
document  the  process  by  which  the  original  parts  were  made  and  to  re- 
establish an  identical  litre  after  a lapsed  time  of  perhaps  ten  years, 
during  which  process  materials  [resists,  solvents,  etc.)  and  equipment 
[furnacu,  etchers,  testers)  may  all  have  changed. 

* * * 

Complex  custom  LSI  devices  should  be  specified  as  a system 
with  all  necusary  functional  requirements  included.  Any  attempt  to 
specify  detailed  implementation  [i.e.,  technology,  topology,  etc.)  will 
unnecessarily  rutrict  potential  sourcu. 

* * * 

function  standardization  is  a possible  solution,  for  example, 
standardize  a bus  interface  function,  but  do  not  specify  the  technology  in 
which  it  must  be  implemented. 

• • • 
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8.  Maximum  use  should  be  made  of  universal  gate  arrays, 
programmable  logic  arrays,  read-only  memories,  and  programmable  function 
electronics  in  general. 


* * * 

Maximize  the  use  o f gate,  arrays  (bipolar)  and  cell  libraries 
(MOS).  Make  ike  a6e  of,  an  existing  wp- to-date.  CAP  system  a precondition 
for  development  contract  aivards. 

* * * 

The  master  chip  and  PLA  concepts  should  be  encouraged.  A 
clearing  house  for  available  master  chip  designs  and  a catalog  of  equiva- 
lent MSI  functions  that  can  be  Implemented  from  these  designs  would 
encourage  usage. 

* * * 

Experience  Indicates  that  LSI  functions  should  be  Implemented 

with  a technology  which  supports  at  least  1000  gates  per  20,000  square  mils 

2 

of  chip  area,  Including  Interconnect.  I L satisfies  this  requirement  well. 

* * * 

To  minimize  design  cost  and  cycle  time,  applications  requir- 
ing fewer  than  1000  gates  of  complexity  ( 64  flip-flops,  5 00  gates,  and  1/0 
buffer)  should  employ  a gate  array  technique.  Cycle  time  to  receiving 
functional  parts  with  this  approach  is  eight  to  ten  weeks. 

* * * 

9.  MIL-M- 38510  and  HIL-STD-883  should  be  revised  in  light  of 
LSI,  especially  in  visual  criteria. 

★ ★ ★ 

Pre-cap  Inspection  of  LSI  and  VLSI  devices  has  become  Imprac- 
tical due  to  the  multiple  levels  of  the  device  fabrication  process  and  the 
extraordinarily  geometric  detail  of  the  devices. 
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Pre-cap  Inspection  criteria  should  be  reduced,  to  focus  on 
-inspection  o f the  device  packaging  and  bonding  quality.  Verification  of 
functional  attributes  should  be  accomplished  by  functional  testing  at 
extended  temperatures  over  a prescribed  number  0|$  temperature  cycles. 

* * * 

Chip  testing  was  being  considered  by  RAVC/USAF  as  a tradeoff 
for  the  pre-cap  visual  Inspection  required  by  MIL-STV-883,  Method  5004,  due 
to  the  complexity  of  the  device.  RAVC/USAF  should  be  queried  to  determine 
what  conclusions  were  reached  In  their  7 975- 7977  studies  regarding  tests/ 
cost  tradeoffs. 

* * * 

Vevelop  a means  of  stressing  the  device  electrically  to 
augment  the  use  of  a pre- encapsulated  visual  Inspection.  A gross  visual 
Inspection,  while  being  adequate  for  gross  problems  such  as  bond  Integrity 
and  contamination,  cannot  reveal  subtle  defects  that  an  electrical  stress 
would  Identify. 

* * * 

Also,  as  device  complexity  Increases,  some  form  of  electrical 
testing  must  also  be  used  to  replace  at  least  some  of  the  visual  Inspections. 

* * * 

For  standard  LSI  circuits,  such  as  memory  and  microprocessors , 
present  M1L-M-38510  or  equivalent  specifications  are  more  than  adequate. 

In  fact,  some  rethinking  of  MIL-STV-883  and  MI L-M- 3S 5 7 0 In  light  of  the  LSI 
needs  might  be  In  order.  This  Is  especially  true  In  the  area  of  visual 
criteria. 

* * * 

As  microcircuit  complexity  Increases,  It  becomes  more  diffi- 
cult to  perform  cost  effective  quality  and  reliability  tests  (e.g.,  visual 
Inspection,  complete  100 % electrical,  etc.)  Mew  quality  and  reliability 
tests  should  be  Investigated  and  Implemented  Into  the  military  specification 
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iyitem,  MIL-M-38510/MIL-STV-883  ( e. . g . , cu>  High.  Temperature  Accelenation 
Tut,  Guard  Band  Testing  at  above  noted  voltage a).  A itudy  i&  needed  on 
the  efifactiveneu  otf  italic  burn-in  va.  dynamic  bunn-in  far  LSI  device a. 

* * * 

The  Joint  Election  Vevice  Engineering  Council  JC13.2 
Committee  on  Government  Liai&on  far  Micro  electronic  Devices  hoi  recently 
developed  a matrix,  ofi  co it- elective  Auggeitioni  related  not  only  to  LSI 
but  to  all  JAW  Id. 1 

* * * 


A copy  of  the  JC13.2  Committee  proposal,  along  with  a marked-up  copy 
of  MIL-M- 38510  reflecting  the  ideas  and  their  implementation  paragraphs, 
was  forwarded  to  NAC  with  this  respondent's  reply  to  the  survey.  The 
address  of  the  JEDEC  Solid  State  Products  Council  is  2001  Eye  Street  NW, 
Washington,  D.  C.  20006;  telephone  (202)  457-4971. 
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B.  Comments  and  Suggestions  Finding  Some  Concurrence  Among 
Respondents 

The  following  list  is  composed  of  those  items  finding  at  least 
some  concurrence  among  the  survey  respondents: 

• Wafers  and/or  tested  dice  should  be  stored  for 
future  logistic  needs. 

• The  Navy  should  establish  a semiconductor 
technology  data  base,  including  a "clearing  house" 
function  for  LSI  requirements  and  developments. 

• The  Navy  should  have  a repository  of  graphic 
tapes  for  re-creation  of  mask  sets,  process 
specifications,  test  tapes,  etc.  for  military 
custom  LSI. 

• All  custom  LSI  circuits  for  Navy  applications 
should  be  fully  documented  and  owned  by  the  Navy. 

• Microcircuit  technology  upgrades  should  be 
planned  prior  to  production  start-up  and  should 
be  provided  for  during  the  procurement  cycle. 

• Vertically  integrated  DoD  contractors  are  the 
best  source  of  custom  LSI  for  military  custom 
LSI. 

• DoD  should  fund  CAD/standard  cell  development 
and  documentation. 
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• The  Navy  should  commit  to  an  LSI  supplier 
early  enough  in  the  procurement  cycle  for 
the  project  contract  production  run. 

• GaAs  high  speed  logic  development  should  be 
funded  by  NAVAIR. 

• Additional  data  and  further  discussion  is 
needed  to  truly  identify  problems  and  viable 
sol utions . 

• Test  patterns  should  be  used  for  device 
requal i fication. 

• The  existing  MIL-M-38510  standardization 
system  (DESC)  should  be  utilized  for  LSI 
standardization. 

• A family  of  military  LSI  devices  should  be 
identified  and  fabricated. 

• A life  cycle  cost  analysis  should  be  performed 
to  determine  the  impact  of  LSI  on  systems. 

Detailed  discussions  of  each  of  these  items  are  found  through 
out  Section  IV. 


21 


NAC  TR-2221 

III.  GENERAL  COMMENTS 

Before  proceeding  to  the  detailed  answers  produced  by  the  survey, 
some  pertinent  general  comments  from  the  respondents  are  presented. 
Throughout  this  Section,  and  also  in  Section  IV,  each  respondent's 
comments  are  presented  in  a consistent  format,  i.e.,  comments  from 
respondent  1 are  always  given  first,  followed  in  numerical  sequence 
by  respondents  2,  3,  and  so  forth.  If  no  answer  was  provided  by  a 
specific  respondent,  then  a "no  comment"  will  follow  that  number. 

* * * 

1.  Voun  questions  one  veny  thought- provoking,  and  you  wilt 
pnobably  neceive  as  many  dififanent  answens  to  youn  questionnaine  ai> 
people  who  answen  it.  The  answens  to  many  ofi  the  questions  one  opinion & 
and  one  not  based  upon  data  on  hand  facts  simply  because  thene  one  none. 
I believe,  thenefane,  that  to  a lange  degn.ee  the  fanal  dinection  upon 
which  you  decide  to  6 teen,  youn  suppliens  wilt  also  be  based  upon  youn 
opinion  and  management  decision,  which  one  not  baAed  upon  facts  fan  the 
Aame  neason.  youn  enclosune  12),  Respondent  Infanmation,  \onobably  holds 
the  key  to  youn  fanal  decision.  Let  me  at  this  time  invite  you  on  mem- 
bens  ofi  youn  sta^  to  visit  at  youn  convenience.  I believe  a much  mone 
thonough  undenstanding  o both  the  question  and  the  answen  on  position 
we  might  take  could  be  gained  by  both  panties  i&  we  met  &ace  to  face 
and  openly  discussed  each  item. 

* * * 

2.  Ks  a genenal  comment,  I would  like  to  add  my  Reeling  that 
it  wilt  be  impossible  to  nesolve  befanehand  on  papen  alt  potential  pnob- 
lems  connected  with  the  use  o 6 LSI.  Matunalty,  a maximum  o£  planning 
should  be  done.  But  in  the  fanat  analysis  it  seems  betten  to  leann  by 
doing  ( with  some  tnials  and  ennons)  than  to  nisk  the  obsolescence  0|$ 

oun  mititany  etectnonic  capabilities. 

• * * 


23 


NAC  TR-2221 


3.  No  comment. 


4.  No  comment. 


5.  Existing  Government  standardization  efforts  by  VESC  and 
RA  VC  are  encouraging,  and  expand  ion /participation  by  other  Government 
agencies  should  be  considered.  Standardization  efforts  could  then  be 
linked  with  cost  benefit  analyse*  to  determine  which  component!,  need 
reliability  upgAadlng. 

* * * 

6.  No  comment. 

* * * 

7.  No  comment. 

* * * 

8.  No  comment. 

* * * 

9.  The  management  of  LSI  Introduction  Into  military  equipment 
li  multifaceted  due  to  the  nature  of  the  various  technology  approaches, 
the  application  Acquirement!,,  and  the  industrial  manufacturing  base. 

There  are  three  types  of  LSI  to  be  managed: 

a.  Standard  commercial  LSI  being  offered  to  commercial 
original  equipment  manufacturers  (OEMi)  by  major  semiconductor  manufac- 
turers . 

b.  Quasi- standard  LSI  devices  that  may  be  modified  to  meet 
unique  functional  requirements  le.g.,  PLAs)  and  manufactured  by  either 
major  semiconductor  houses  or  aerospace  system  and  subsystem  manufacturers . 


c.  Custom  LSI  designed  to  meet  unique  functional  perform- 
ance requirements , usually  designed  and  produced  by  aerospace  system  and 
subsystem  equipment  manufacturers . 
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The  Unite.d  Statu  induAtrial  capacity  ion.  LSJ  manuiactuning 
conAiAtA  oi  two  diAtinct  nerounceA : ( 1 ) majon  commercial  4emic.ondu.cton 

manuiactunenA , and  12)  equipment  manuiactunenA  vertically  integnated  to 
pnodu.ee  cuAtom  LSI.  ThiA  latten  neAouA.ce  iA  euAAentlij  developing  napidZ.y 
oa  a neAuZt  oi  an  inability  oi  aenoApace  equipment  manuiactuAeAA  to  econ- 
omically motivate  the  Aemiconducton  houAeA  to  pnovide  low  volume  "Apecial 
iunctionA"  in  teehnologieA  compatible  with  the  militany  envinonment. 

Majon  Aemiconducton  homeA  one  genenatZy  not  willing  to  commit  limited 
technical  neAouAceA  to  deveZoping  cuAtom  cincuitA  with  a nelativeZy 
limited  manket  potential. 

The  industrial  capacity  neAident  in  aenoApace  equipment 
manuiactuning  iinmA  iA  eAAentiaZ  to  meeting  iutune  militany  eZectnonicA 
nequinementA . ThiA  capability  will  allow  the  militany  to  meet  incneaAed 
penfionmance  capabilitieA , neduce  equipment  Aize  and  weight,  and  the  iull 
Apectnum  oi  anticipated  environmental  nequinementA  without  dependency  on 
commencial  manuiactunenA , whoAe  majon  iocuA  iA  on  the  high  volume  OEM 
manket.  The  management  oi  the  introduction  oi  LSJ  into  militany  equip- 
ment iA  veny  Aimilan  to  that  oi  hybnid  device  management.  Hybnid  deviceA 
in  the  mid-  and  late  1960 'a  oUened  companable  penionmance  advantagcA 
with  the  Aame  management  pnoblemA  oa  one  being  addneAAed  in  thiA  Aunvey. 
The  Aame  aionementioned  aenoApace  complex  haA,  oven  the  laAt  15  yeaAA, 
developed  and  implemented  the  widely  varying  hybnid  teehnologieA  in  mili- 
tany eZectnonicA , Aupponted  virtually  all  typeA  oi  logiAtic  Auppont 
conceptA,  and  demonAtnated  high  neliability  in  a coAt-eiiective  manner. 

The  leAAonA  leanned  inom  hybnid  implementation  might  well  pnovide  a 
guide  ion  the  pnoblemA  addneAAed  in  thiA  Aunvey. 

Requiring  the  demonAtnation  oi  Aecond  Aoundng  capability 
iA  an  additional  management  conAtnaint  that  obviateA  much  oi  VoV’a  concern 
oven  pnoduct  longevity  and  Auppontability. 
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We  feel  the  key  to  the  problem  o f introducing  LSI  into  mili- 
tary  electronic s equipment  Mill  be  through,  a concept  called  "technological 
transparency."  This  concept  requires  specification  of  an  Avionics  architec- 
tural element  so  that  the  functional  interfaces  and  performance  requirements 
are  completely  defined  and  modularly  implemented  without  limiting  the  method 
or  technology  required  to  implement  the  function.  These  modular  elements 
can  then  be  replaced  with  equivalent  elements  incorporating  advanced  tech- 
nology without  impacting  system  design  installation  or  softcore. 

The  constraining  of  any  hardware  level  of  complexity  to  be 
technologically  transparent,  though  necessary,  will  result  in  some  penalty 
in  packaging  efficiency  ( i.e .,  weight  and  volume).  Equiioment  weight  will 
continue  to  slowly  decrease  as  numerous  SSI  and  MSI  devices  are  replaced 
by  a single  complex  LSI  device,  although  minimum  weight  will  not  be  achieved 
because  of  architectural  constraints. 

The  semiconductor  industry  pays  little  attention  to  the  mili- 
tary industry  for  various  reasons  (low  quo.ntity,  specification  prolifera- 
tion, specification  interpretation,  etc.)  Semiconductor  manufacturers  have 
difficulty  in  predicting  what  the  military  "demand"  will  be.  This  is 
because  of  the  diverse  and  widespread  pro j ect- oriented  method  of  the  mili- 
tary complex.  In  the  commercial  world,  semiconductor  manufacturers  can 
deal  at  industry  corporate  levels;  and  therefore,  get  a good  feel  for  market 
demand.  Such  is  not  the  case  with  the  military  complex.  An  example,  many 
device  suppliers  indicate  there  is  little  demand  existing  for  MI L-M- 38510 
qualified  parts  list  devices  for  which  they  have  qualified.  Suppliers  go 
through  the  effort  of  qualifying  but  then  find  little  demand  for  these 
devices.  A "Military  Marketing  Organization"  ( forecasters  for  future 
military  needs)  would  help  to  alleviate  this  problem.  Volume  purchase 
agreements,  similar  to  those  used  in  the  commercial  market,  could  be 
instituted.  The  semiconductor  industry  would  then  pay  more  attention  to 
the  needs  of  the  military. 

* * * 
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10.  The  questions  posed  in  the.  Survey  on  Managing  the  Timely 
Introduction  o l Large  Seale  Integrated  Circuit/)  into  Military  Avionics 
cover  a broad  spectrum.  It  i/>  diHicult,  il  not  impossible,  to  provide 
answers  that  are  />ati/>  factory  to  all  parties  concerned.  These  questions 
or  similar  questions  have  been  asked  and  debated  lor  some  time.  The 
Institute  lor  Velense  Analyses  [TDA]  held  a three-day  meeting  in  August 
[9th,  10th,  and  11th ) to  discuss  the  Utilization  ol  LSICs  in  Military 
Systems.  At  that  time,  quite  similar  questions  and  proposed  solutions 
were  discussed  at  length  in  both  lormal  presentations  and  in  small  in- 
lormal  groups.  We  participated  in  the  WA  meeting  and  came  away  Irom 
the  meeting  with  two  distinct  leelings.  Tirst  ol  all,  those  attending 
the  meeting  were  serious  in  their  attempts  to  propose  satis  lactory 
answers  to  the  complex  questions,  and  secondly,  there  appeared  to  be  no 
answers  satis  lactory  to  all  concerned.  These  leelings  lead  us  to  believe 
that  perhaps  the  questions  are  too  broad  and  attempt  to  cover  too  many 
diverse  situations  . Perhaps  il  the  questions  could  be  partitioned  prop- 
erly, the  best  answer  lor  particular  elements  could  be  devised  so  that 
the  overall  problems  could  be  adequately  resolved. 

The  survey  questions  hint  at  two  basic  approaches , neither 
ol  which  appears  to  be  best  lor  alt  situations . The  one  approach  attempts 
to  assure  adequate  parts  are  available  to  the  Navy  during  the  tile  ol  the 
equipment.  The  other  approach  attempts  to  assure  adequate  equipments  are 
available  with  the  parts  availability  remaining  the  responsibility  ol  the 
equipment  supplier. 

In  the  situations  where  liletime  warranties  are  used,  oppor- 
tunities lor  upgrading  and  using  newer  technologies  can  be  worked  out  so 
that  obsolescence  ol  technologies  becomes  less  ol  a problem.  In  situations 
where  the  maintenance  is  best  perlormed  by  the  Navy,  spares  requirements 
lor  the  lile  ol  the  equipment  or  availability  guarantees  may  have  to  be 
part  ol  the  initial  equipment  procurement  to  assure  adequate  parts. 
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An  appn.oa.ch  discussed  at  the  WA  meeting  suggested  that  the 
customer  define  the  anchitectune  such  that  there  would  be  sufficient  free- 
dom  to  design  modules  and  to  update  the  moduleA  without  disrupting  the 
system  (on.  box)  performance.  I 1 was  believed  that  thiA  approach  could 
capitalize  on  the  advantages  of  new  technologieA  and  oIao  neduce  the  impact 
from  the  diA continuance  of  an  olden,  technology.  The  1 553  buA  specification 
woa  cited  oa  an  example  of  a Atant  in  thiA  dinection.  Again,  thiA  approach 
might  be  beAt  fan  Aome  Aitua-tionA  but  not  fan  all. 

* * * 

11.  We  believe  that  LSI  offers  advantageA  of  coAt,  reliability, 
Aize,  weight,  and  performance.  Military  equipment  pnocunement  needA  to 
inAiAt  on  the  uAe  o 6 LSI  to  achieve  theAe  advantageA.  The  present  emphaAiA 
on  acquisition  coAt  penalizes  the  use  of  LSI.  Life  cycle  costing  shows 
significant  advantages  from  using  LSI.  All  equipment  pnoduction  pnognams 
need  to  pnovide  time  and  funding  fan  the  convcnsion  of  initial  bneadboands 
to  LSI  fonmat  befane  pnoduction  stantup. 

LSI  technologieA  one  high  penfonmance  technologies.  CM OS 
and  CMOS/SOS  offen  advantages  of  low  powen  dissipation,  high  speed,  and 
ease  of  cincuit  design  which  the  Government  should  use. 

It  is  necessary  that  the  nesources  of  the  semiconductor 
pnoducers  and  those  of  Govennment  system  contractors  be  used  to  pnovide 
Government  agencies  with  the  most  cost-effective  approach  to  designing  and 
manufacturing  equipments  using  LSI  devices.  We  believe  that  Government 
agencies  and  contractors  should  work  together  under  a framework  of  respon- 
sibilities similar  to  those  outlined  below: 

NAt/AIR 

1.  System  performance  requirements 

2.  System  physical  requirements 

3.  Classification  level 

4 . Quality  level 
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TNVUSTRV 

1 . Subsystem  partitioning  and  specification 

2.  Hardware  configuration 

3.  Selection  of  technology  and  vendor* 

4.  design  implementation 

5.  Production 


Although  we  believe  that  the  technology  selection  should  be 
done  by  the  responsible  contractor,  WAI/AIR  approve*  the  technology  choice 
through  it*  selection  the  successful  bidder  for  a new  program.  The 
prime  responsibility  for  a successful  product  meeting  NAVAJR’s  requirements 
must  remain  with  the  chosen  contractor. 


* * * 


12.  No  comment. 

* * * 

13.  No  comment. 

* * * 

14.  No  comment. 

* * * 

15.  No  comment. 

* * * 


16.  No  comment. 


* * * 


17.  No  comment. 

* * * 

IS.  Increasing  concern  is  being  evidenced  by  both  Vo V and  mili- 
tary equipment  suppliers  over  the  tardy  entry  of  advanced  large  scale  inte- 
gration into  military  systems.  A recent  Arthur  V.  Little  study,  for  example, 
presented  at  the  IDA  Sympoisum  on  "Future  Applications  of  LSICs  in  Military 
Systems"  (9-11  August  1977 ) pointed  out  that  in  military  systems  the  average 
gate  complexity  per  integrated  circuit  has  flattened  out  over  the  last  few 
years  at  about  30  gates  per  \oart.  In  commercial  electronics  [especially 
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consumen  electnonics ) , howeven,  the  avenage  gate  count  pen.  IC  xs  escalating 
napidly  into  the  handled*  o f gate s pel  chip. 

The  continuing  use  of  the  basic  vendon  SSI /MS I standaid 
functions  is  allowing  militant/  equipment  to  cuinentltj  have  low-nisk  devel- 
opment. Howeven,  futune  suppont  pnoblems  could  be  projected  due  to  the 
concern  oven  long-tenm  availabilitj  o f even  these  pants,  as  well  as  the 
limited  neliabiiity , maintainability,  and  availability  of  weapons  systems 
implemented  with  such  lange  quantities  of  integnated  cincuits.  The  nisk 
that  has  been  associated  with  LSI  chip  development  fan  militany  systems 
has  been  of  enough  concenn  to  majon  pnognams  to  wannant  thein  choice  of 
the  standaid  SSl/MSl  fa nations.  The  development  of  LSI  chips  fan  militany 
lequinements  ha.,  been  f naught  with  unpnedictable  schedules,  nelativeiy  high 
non-necuining  costs,  and  limited  soulces  o f pnocunement.  To  look  at  atten- 
uate solutions  to  oun  pnesent  dilemma  of  limited  LSI  usage,  we  must  look 
at  a much  widen  scope  than  just  that  of  the  cost  tnade-o ff  betureen  LSI 
and  thein  SSI /MSI  equivalents. 

The  pnesent  VoV  pnocunement  system,  device  qualification, 
documentation,  and  long-tenm  logistics  and  suppont  of  electnonic  systems 
must  necessanily  be  considened.  It  is  not  adequate  to  have  a betten  system 
( pnocunement , suppont,  on  documentation)  but  which  is  ovenlaid  on  top  of 
the  existing  systems.  I'le  must  be  able  to  displace  something  that  we  one 
alneady  doing  in  onden  to  have  a cost  savings.  However,  thene  one  veny 
feu)  of  us  in  industny  on  VoV  who  have  a sufficient  bneadth  and  detailed 
gnasp  of  the  veny  lange  tnade-o ffs  involved  which  cnoss  the  gamut  fnom  the 
design  and  pnocun.ement  of  devices  thnough  the  qualification,  suppont,  and 
logistics  of  those  devices  in  complex  systems.  This  point  makes  answen- 
ing  of  the  veny  impontant  NAC  questions  in  a complete  and  significant 
fashion  veny  difficult. 

A stnong  suggestion  could  be  made  to  gathen  data  so  that 
we  could  duly  identify  whene  tasks  one  being  eliminated  thnough  the  use 
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of  LSI  and  where  support,  maintenance,  and  availability  of  electronic  sys- 
tems are  improved.  This  in  itself  would  kelp  m identify  how  to  me  LSI  to 
provide  more  easily  maintainable  systems  and  systems  which  provide  greater 
availability  of  the  complete  aircraft,  ship,  and  ground-bared  systems. 


I don't  think  we  really  know  what  the  problem  is.  The 
problem  seems  to  be  that  we  would  like  to  me  LSI  to  rave  costs  and  improve 
reliability  o f military  systems,  but  we  don't  know  what  the  coAtA  are  Aince 
they  entail  much  more  than  jmt  the  development  coAtA  and  even  the  procure- 
ment coAtA,  but  they  alAo  go  into  a myriad  o f long-term  Aupport  and  logis- 
ticA  coAtA  with  aAAociated  documentation  and  qualification  coAtA.  It  iA 
therefore  hard  to  perceive  where  the  leading  factors  are  for  potential 
reduction.  I think  a study  and  definition  by  Vo V of  these  factors  and 
sensitivity  analysis  of  how,  within  the  current  (or  alterable ) framework 
of  logistics  and  support,  these  costs  can  be  reduced,  would  be  of  extreme 
benefit  in  learning  how  to  best  apply  LSI.  For  example,  we  mmt  know 
whether  to  apply  LSI  to  basically  imitate  the  SSI/MSI  functions  in  a more 
cost-effective,  smaller  volume  fashion,  or  whether  we  should  also  try  to 
enhance  the  system  with  reliability,  maintainability,  built-in  test,  and/ 
or  self-healing  features  which  could  not  have  been  jmtified  ming  dis- 
crete components. 

* * * 


19.  No  comment. 


20.  No  comment. 


* * * 


* * * 
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IV.  ANSWERS  TO  SURVEY  QUESTIONS 


This  section  contains  the  detailed  answers  provided  by  the  respon- 
dents to  each  survey  question.  An  overview  statement  highlighting  the 
comments  for  which  a degree  of  consensus  is  evident  and  which  lists  other 
points  made  by  the  respondents  is  provided  for  each  question  by  the  editor, 
and  precedes  the  detailed  responses. 

A.  Question  #1 : How  should  the  Naval  Air  Systems  Command  (NAVAIR) 
facilitate  the  use  of  advanced  technology  microcircuits,  while  insuring 
adequate  support  of  logistics  and  potential  mobilization  needs,  and  pro- 
tecting itself  aqainst  supplier  catastrophe? 

Highlights: 

There  was  a good  measure  of  diversity  in  the  answers  provided 
to  this  question.  This  was  expected  because  of  the  complexity  of  the  prob- 
lem. A list  of  the  items  receiving  the  most  attention  by  the  respondents 
is  as  follows: 


• The  Government  should  consider  a repository 
of  graphic  tapes  and  so  forth  for  re-creation 
of  mask  sets  for  custom  LSI. 

• Some  form  of  second  sourcing  for  LSI 
devices  should  be  established. 

• The  utilization  of  IC  technologies  should 
be  limited  to  those  in  the  mainstream  of 
technology  usage,  and  where  some  process 
commonality  exists  between  suppliers. 

" ■ ■!—  1 — . 'sgW8 
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Question  #1:  How  should  the  Navel  Air  System 
Command  (NAVAlR)  facilitate  the  use  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
Mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

I 

• Computer-aided  design  techniques  using 
standard  cells  should  be  perfected  and 
used  to  design  military  custom  Fs. 

• The  military  should  make  "life  of  type" 
buys  of  IC  device  wafers  and  store  for 
future  logistic  use  and  for  protection 
against  device  obsolescence. 

• LSI  devices  and  modules  of  assembly 
level  electronics  should  be  defined 
and  specified  functionally.  Permit 
the  supplier  to  detail  mechanization 
to  meet  functional  requirements. 

• Allow  sufficient  time  and  funding  for 
development  and  procurement  of  custom 
LSI  devices. 

• A life  cycle  cost  analysis  should  be 
done  to  determine  the  impact  of  LSI 
on  electronics  equipment.  Project 
funding  should  be  based  on  the  total 
life  cycle  of  the  equipment,  not  on 
the  minimum  development  costs  only. 

• Consider  establishment  of  a Government- 
maintained  semiconductor  technology 
data  base. 
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Question  II:  How  should  the  Naval  Air  System 
Command  (NAVAIR)  fecllltete  the  use  of  edvenced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  end  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

Industry  Replies: 

I.  Vour  first  question  has  two  parts.  The.  firs t concern s logis- 
tic* support  and  mobilization  need*.  Logistics,  I at  Mime.,  iA  the  problem 
of  providing  the  Fleet  with  adequate  spare  component*  to  allow  repair  o (5 
the  equipment  while  at  tea  ok  otheK  installation*  . I would  think  a moKe 
aggressive  u*e  0( 5 LSI  would,  a*  a mattei  0( 5 (5 act,  simplify  the  pKoblem  ot 5 
KepaiK  at  *ea.  It  seems  reasonable  that  i\ 5 one  LSI  clKcuit  provided  the 
electronic  complexity  oj 5 one  hunched  simple  small  scale  function*  [even 
though  the  small  scale  functions  may  be  used  Kepeatedly  thxoughout  the 
system),  the  numbeK  0(5  different  components  used  has  to  be  more  favorable 
l fewer)  with  an  increasing  usage  ot 5 the  moKe  complex  functions.  The 
answer,  I (5 eel,  someiohat  relates  to  the  reason  the  Navy  years  ago  decided 
to  influence  your  suppliers  to  use  the  Navy  Standard  Hardware  or  MAC 
Modules.  Even  though  this  approach  did  present  some  problems,  I imagine 
they  were  f^ar  more  manageable  than  the  alternate  of  not  using  NAC  Modules. 

Mobilization  needs  can  easily  be  met  by  U.S.  makers  ot 5 LSI 
as  long  as  the  technology  is  still  being  produced.  A repository  0(5  graphic 
tapes  (5 or  re-creation  oi 5 mask  sets  would  be  worth  considering.  The  only 
way  the  Navy  can  protect  itself  against  supplier  catastrophe  is  to  insist 
that  each  component  have  a demonstrated  multiple  source.  On  custom  devices 
where  no  second  source  exists,  the  Navy  should  insist  that  as  a part  0| 5 
the  original  design  contract  requirement  that  the  manufacturer  adequately 
document  the  process  and  provide  not  only  this  document  but  also  sets  of 
reproducible  masks  to  the  Navy,  with  certain  proprietary  rights  that  only 
in  the  case  of  a supplier  catastrophe  could  the  Navy  provide  this  document 
to  an  alternate  source. 

* * * 
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Question  #1:  How  should  the  Naval  Air  Systems 
Cormand  (NAVA1R)  facilitate  the  use  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
Mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

2.  Restrict  the  use  of  1C  techno logies  to  those  which  are  in 
the  technological  mainstream,  and  for  which  some  process  commonality  exists 
between  supplier s. 

A tentative  tut  would  be:  ECL,  S-TTL,  CM  OS,  and  CMOS/SOS. 

Such  technologies  as  CCD,  J2L,  CMOS,  l/MOS,  P- l/MOS,  etc.; 
white  technically  attractive  in  certain  applications,  have  too  many  process 
and  layout  variations  from  comfxiny  to  company  to  lend  themselves  to  stan- 
dardization at  this  time.  A s technologies  develop,  the  preferred  list  can 
be  upgraded. 


Mafee  sure  that  alt  circuit  designs  far  military  applications 
are  holly  documented  and  that  ownership  belongs  to  the  Navy.  Documentation 
should  include  circuit  diagrams,  truth  table  or  transfer  fanction,  dynamic 
and  static  circuit  specifications , mask  layout  on  magnetic  tape,  and  test 
program,  also  on  tape.  This  assures  second-sourcing  at  reasonable  cost, 
if  required. 

* * * 

3.  Protect  against  vendor  catastrophe  by: 

a.  Using  off-the-shelf  components  with  other  sources. 

b.  Establishing  multiple  sources  when  a custom  I C is 

developed. 

c.  Formulating  a "brute  force"  contingency  plan  to  ensure 
mobilization  capability ; this  might  be  a Government  stockpile  or  inventory 
of  parts.  Could  such  a stockpile  be  used  as  a "damper"  far  the  ups  and 
downs  in  the  semiconductor  world  that  plague  capitalization  plans? 
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■obi Illation  needs,  and  protecting  Itself 
against  supplier  catastrophe! 


NAl/AIR  should  set  up  their  own  processing  facility  to  fabri- 
cate the  LSI  circuits.  They  should  also  work  with  a second  vendor  to  have 
a dual  source  ca)Mbility . It  would  pAobably  not  be  necessary  to  design 
LSI  circuits  thems  elves . Thi A paAt  o f the  work  could  be  contracted  out  to 
an  independent  design  gAoup.  Once  the  circuit  haA  been  designed,  fabrica- 
ted,  and  Ahown  to  be  AatiA factory , then  the  Naval  AvionicA  CenteA  should 
take  charge  of  alt  tooling  and  cooAdinate  the  production  of  circuits  and 
AyAtemA.  The  Amall  volume  production  AunA  would  not  be  very  attractive  to 
mo  At  0j$  the  larger  Aemiconductor  houses.  ThiA  would  be  a major  reaAon  for 
Aetting  up  NAVALR's  own  proceAAing  capability.  However,  if  the  proceAA 
iA  similar  to  that  of  another  vendor,  then  they  could  probably  get  partA 
proceAAed  from  their  own  tooling  at  reaAonable  coAt. 

* * * 

4.  Concerning  the  first  two  queAtionA,  an  in-houAe  custom 
device  facility  responsive  to  system  needs  is  the  method  we  utilize  to 
accommodate  the  timely  introduction  of  technology  with  protection  against 
loss  0(5  supply.  Thus,  the  best  way  far  NAl/AIR  to  facilitate  the  use  of 
LSI  with  appropriate  safeguards  is  to  procure  to  systems  and/or  line 
replaceable  units  (LRUs)  specifications  appropriate  to  require  the  intro- 
duction of  this  technology,  and  depend  on  the  manufacturer  of  the  larger 
equipment  to  handle  logistics,  mobilxization,  and  multiple  sourcing  where 
necessary.  Another  vehicle  for  facilitating  the  introduction  of  microcir- 
cuits is  to  direct  their  uie  in  the  work  statement  and  to  allow  sufficient 
time  for  their  introduction.  Many  procurements  have  time  phasing  that 
makes  it  very  difficult  to  use  anything  but  currently  existing  components . 

• * * 

5.  WAl/AIR  should  run  a survey  to  see  what  other  Government 
agencies  and  industry  are  standardizing  on,  and  attempt  to  standardize  on 
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Question  #1:  How  should  the  Navel  Air  System 
Coanand  (NAVAIR)  facilitate  the  use  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
Mobllliatlon  needs,  and  protecting  Itself 
against  supplier  catastrophe? 


the  Aame  devicet.  Thit  welt  help  to  atAure  the  uie  of  a leading  edge 
technology  which  it  multi- A ourced,  or  capable  o f being  multi- A ourced. 

* * * 

6.  Introduce  the  ciAcuit  Acquirement!,  at  functional  Acquire- 
ment!, which  are  delibcAately  specified  at  bAoadly  at  poAAible  while  Atilt 
enabling  the  circuit  to  perform  itt  duty.  Thit  wilt  provide  the  flexi- 
bility of  performing  the  function  with  multiple  technology  and  provide 
foA  multiple  Aourcing. 

* * * 

7.  WAl/AIR  Ahould  direct  itt  effoAtt  toward  uting  devicet  that 
are  Atandardized,  where  the  " Atandard " tAade-off  includet:  function, 
military  Aecond-AOuAce  capability,  mature  and  Atable  pAocetAet,  and  ade- 
quacy of  documentation.  The  oendoAt  Ahoutd  be  capable  of  Aupplying  the 
LSI  devicet  fAom  pAoduction  linet  located  in  geogAaphicalty  diverte  areat, 
to  pAectude  the  poAAibitity  of  natural  oa  local  (internal  vendoA)  ditattert . 

* * * 

6.  Probably  the  moAt  Aignificant  factor  limiting  the  ute  of 
advanced  technology  micro circuitt  in  military  AyAtemA  it  the  very  long 
procurement  time.  By  the  time  an  avionict  AyAtem  hat  gone  through  alt 
of  the  variout  development  phatet  and  it  entering  full  Acale  production, 
three  to  five  yeart  have  gone  by  and  the  microcircuit  technology  it  at 
leaAt  "three  to  five  year  old  vintage."  To  effect  thit  Aituation, 

Aeveral  poAAibilitiet  pretent  themA elver: 

a.  Shorter  development  and  procurement  timet. 

b.  Planned- for  microcircuit  technology  upgradet  prior  to 
production  Atart-up. 
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Question  #1:  Mow  should  the  Naval  Air  System 
Command  (NAVAIR)  facilitate  the  use  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 


c.  SeveAal  planned- foA  technology  upgrades  during  the  couasc 
0($  sys tern  pAocuAemert  In  the  case  of  long-teAm  pAocuAements  would  be  advis- 
able. NatuAally,  these  planned- foA  technology  upgAades  would  be  implemented 
only  if  the  then  cuAAent  state-of-the-aAt  technology  offeAed  significant 
impAovements  foA  the  My  item  undeA  considcAation.  Of  couAse,  this  appAoach 
would  necessitate  considcAation  of  the  oveAoll  economics  of  the  pAocuAe- 
ment  not  only  fAom  the  VoV  point  of  view,  but  fAom  the  My  item  and  micAo- 
ciAcuit  supplieA  peA&pective  as  well. 

In  oAdeA  to  insuAe  suppoht  of  logistic  and  mobilization  needs, 
NAl/AIR  must  consider.  eitheA  "life  o^  type  pAocuAement"  oa  else  be  pAepaAed 
to  make  the  business  seem  ottAactive  to  the  micAociAcuit  supplies..  To 
pAotect  against  supplies  catastAophe,  multisouAcing  is  the  best  altcAnative. 
HoweveA,  NAVAIR  mait  Aecognize  that  all  sousces  must  have  sufficient  annual 
business  in  oxdes  to  semain  an  effective  souAce. 

* * * 

9.  The  answeA  to  this  question  is  found  in  selecting  the  optimum 
level  of  haAdwaAe  complexity  to  be  technologically  txanspaAcnt.  CleaAly, 
the  device  level  poses  the  most  difficulty  in  assusing  technological  txans- 
paAency  foA  the  sange  of  futuAe  semiconductoA  technologies . 

It  is  Aecommended  that  the  technology  be  managed  at  the  sub- 
assembly  (SRA)  level.  The  implementation  of  a standaAd  modulaA  appAoach 
such  as  that  being  developed  in  the  ModulaA  Avionic  Packaging  (MAP)  PAogAam 
will  gAeatly  facilitate  the  management  of  LSI  in  the  futuAe.  This  appAoach 
allows  flexibility  in  achieving  a technological  tAanspaAency  thsough  the 
use  of  foam,  fit,  and  function  specifications  tailoAed  to  allow  altcAnative 
appAoaches  to  the  implementation  of  a given  function.  It  will  allow  a 
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Question  #1:  Mow  should  the  Novel  Air  Systems 
Coemend  (NAVA1R)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobf Illation  needs,  and  protecting  Itself 
against  supplier  catastrophe? 


modular  function  Such  as  a minicomputer  to  be  implemented  with  alternate 
LSI  chip  design 4 (e.g.,  Intel  SOSO A vs.  AMV  90S0A),  yet  permit  the  module 
level  function  to  be  completely  tr ansparent  and  amenable  to  advancing 
technology.  It  allow*  the  {flexibility  to  introduce  and  sustain  competi- 
tion throughout  equipment  production  programs.  It  also  provides  an 
environment  compatible  with  the  development  o{  multiple  sources. 

Rigorous  adherence  to  meeting  design-to-cost  goals,  com- 
patible with  Integrated  Logistics  Support  IILS]  throw-away  costs,  will 
minimize  and  potentially  eliminate  the  need  to  consider  the  problems 
associated  with  Navy  procurement  and  sparing  o{  LSI  devices. 

The  above  approach  a{{ords  the  most  promise  as  a general 
management  philosophy  {or  the  introduction  and  continued  availability  o{ 
logistics  support  spares.  In  the  limited  situations  where  a SAM  ( Standard 
Avionic  Module]  standardization  program  cannot  be  implemented,  the  LSI 
management  problem  is  made  more  complex.  In  cases  where  these  advanced 
technology  microcircuits  mast  be  managed  at  the  device  level,  NAVAIR 
should  (/)  make  use  o{  {orm,  {it,  and  {unction  *peci{ications--*peci{y 
the  need,  not  the  solution;  and  (2)  allow  some  schedule  {lexibility,  that 
is,  trade  o{{  schedule  {or  per {ormance-- advanced  technology  solutions  to 
a problem  are  rarely  the  quickest  solution. 

Support/ protection  requirements  can  be  met  by  (I)  the  {orm, 
{it,  and  {unction  philosophy  in  which  an  exact  copy  is  not  demanded;  and 
(2)  establishing  a technology  data  base  which  is  available  to  contractors 
such  as  the  cell  library  and  automated  design  so{tware  system  that  NSA  is 
establishing  (iJoA.  selected  LSI  technologies . 
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Question  #1:  How  should  the  Naval  Air  System 
Command  ( Nava  I « ) facilitate  the  use  of  advanced 
technology  Mlcrocl rcults,  while  Insuring 
adequate  support  of  logistics  and  potential 
■obi  11  cation  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

Additionally,  component  4 tandaxdi zatio n activities  should 
be  Stxengthened  in  this  axea.  A centxal  Naval  activity  (e.g.,  NSWC  ox  NAC ) 
should  be  chaxtexed  to: 

a.  Ovexsee  and  fund  mask  intexchange  pxogxams. 

b.  Limit  the  pxoli Vexation  of  deviate. 

c.  Be  a focal  point  f ox  pxogxam  opiate  considexing  LSI 

custom  usage. 

d.  Develop  a list  of  xequixed  custom  LSI  devices  fox  the 
Navy  that  the  commexcial  Semico nductox  induStxy  will  not  pxoduce  due  to 
low  volume  needs. 


With  the  semiconductox  industxy  shifting  moxe  and  moxe  o f 
theix  assembly  facilities  off-shoxe  due  to  the  low  labox  cost,  the  Govexn- 
ment  should  be  concexned  with  this  development  since  it  could  adversely 
affect  any  mobilization  xequixements . Japanese  imposts  [especially  memoxy 
devices)  will  also  xeduce  the  numbex  of  "on-shoxe"  facilities.  The  aexo- 
space  equipment  and  system  houses  that  axe  instituting  theix  own  semicon- 
ductox facilities  axe  helping  to  lessen  this  concexn.  This  industxial 
capacity,  in  view  of  the  semiconductox  technology  xequixements,  will  be 
an  essential  element  in  any  futuxe  mobilization  plan,  and  should  be 
considexed  and  supported  as  such. 

* * * 

10.  A simplistic  xesponse  would  be  to  say  that  NAVA1R  should 
pxocuxe  enough  s paxes  at  the  eaxly  stages  of  the  pxogxam  to  covex  the 
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Coawiand  (NAVAIR)  facilitate  the  use  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
Mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

logistic  and  mobilization  need*  throughout  the.  life  of  the  system.  Al- 
though this  may  be  the  only  feasible  approach  In  certain  very  lou)  volume 
high  performance  or  highly  secret  application*  requiring  advanced  techno- 
logy microcircuit* , It  doesn't  appear  to  be  the  best  approach  In  other 
situations  where  the  u*e  o f advanced  technology  microcircuit*  l*  propo*ed. 
Other  approache s *uch  a*  long-term  warranties  and  repair  contract*  or 
sparing  at  a higher  level,  [assembly,  etc.)  should  be  considered.  If 
supported  at  the  functional  module  level,  newer  technologies  could  be 
used  when  the  original  Is  obsoleted  [unprocurable) . The  problem  should 
be  addressed  at  the  beginning  of  a program.  The  risks  Involved  In  using 
advanced  technology  microcircuit*  should  be  evaluated  In  respect  to  the 
advantages.  Guidelines  should  be  established  by  NAVAIR  and  applied  to 
all  contract*  to  a*sure  that  the  risks  are  minimized  and  are  outweighed 
by  the  advantage*.  A knowledgeable  Government  body  would  be  a&ed  to 
evaluate  and  assign  risk  factor*  for  advanced  technologies . In  high  risk 
technologies , this  body  could  be  used  to  imss  judgement  on  the  advisabi- 
lity and  need  for  specific  proposed  applications . 

* * * 

11.  NAVAIR  can  facilitate  the  use  of  advanced  technology  micro- 
circuits  [large  scale  integration  (LSI)  and  very  large  scale  Integration 
(VLSI))  by  supporting  the  development  of  design  tools  that  will  be  cost 
effective  and  that  can  be  used  with  confidence  by  NAVAIR  contractors.  The 
design  tools  should  be  applicable  to  technologies  that  are  Industry  stan- 
dards today  and  to  future  evolving  technologies . These  design  tools  will 
enable  NAVAIR  to  assure  adequate  support  of  logistics  and  mobilization 
needs  by  making  the  design  tools  available  to  system  and  subsystem  contrac- 
tors and  by  having  the  devices  supplied  by  multiple  semiconductor  Industry 
sources.  The  specific  design  tools  supportive  of  NAVAIR  requirements  are: 
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Question  #1:  How  should  the  Navel  Air  System 
Command  (NAVAIR)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 


• Standard  cells  for  Computer-Aided  Design 

• Universal  Away* 


These  tools  should  be  developed  for  the  following  technologies: 


• PMOS 

• Bulk  CM OS  Metal  Gate 

• Bulk  CMOS  Silicon  Gate 

• CM0S/SCS  Silicon  Gate 
. 1 2L 

• Radiation  Hardened  CMOS/SOS  Silicon  Gate 


NAVAIR  should  take  the  following  action*  to  insure  adequate 
Support  of  logistic* , mobilization  need*,  and  protection  against  supplier 
catastrophe: 

a.  Encourage  the  design  of,  custom  LSI  to  implement  func- 
tionally partitioned  circuitry  utilizing  existing  CAP  tools  such  a*  those 
listed  above. 


b.  Stockpile  LSI  arrays  in  adequate  quantity  to  meet  one 

to  two  year  use  requirements  and  long-term  spare  requirements  for  logistic 
support. 

c.  Stockpile  mask  sets  and  test  program  tapes  so  multiple 
vendor  sourcing  can  be  exercised  with  quick  turnaround. 

d.  Select  industry  standard  processes  currently  in  widespread 
use.  [Example:  CMOS  Bulk  currently,  and  CMOS/ SOS  for  future  requirements . ) 

* • • 
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Question  #1:  How  should  the  Naval  Air  System 
Comand  (NAVAIR)  facilitate  the  use  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
Mobilisation  needs,  and  protecting  Itself 
against  supplier  catastrophe? 


12.  Ma.xA.mum  system  advantage,  and  minimal.  logistics  problems 
can  be  assured  by  maximizing  the  use  o f advanced  technology  microcircuits 
which  axe  members  of  families  of  compatible  commercial  components . The 
emergence  of  single-chip  microprocessors  and  mic/Lo computes,  product  fami- 
lies is  the  manufactories' S answer  to  minimizing  the  pxolifesation  of 
diffesent  LSI  components  and  hence  the  psoduct  development  cost.  Simitasly, 
this  tends  to  maximize  the  volume  of  like  pso ducts  and  theseby  seduce  uses 
cost  of  these  devices.  The  pesvasive  use  of  these  devices  obligates  the 
manufactases  to  maintain  long-tesm  psoduction  commitments  both  to  commer- 
cial  and  militasy  us  ess.  As  technology  impsoves,  mose  advanced  membess 
of  the  family  axe  deveioped.  However,  in  osdes  to  maintain  family  com- 
patibility, new  membesi  must  maintain  form,  fit,  and  function  [i.e., 
software)  compatibility  with  prior  genexation  devices. 

NAVAIR  should  encouxage  the  qualification  of  selected  fami- 
lies of  commexcial  LSI  and  VLSI  pxoducis  fox  use  in  its  applications . 
Qualification  should  be  based  on: 

a.  Existing  and  planned  family  functions  which  have  g enesal 

applicability. 

b.  Manufactures  capability  to  pxoduce  functions  in  a cir- 
cuit technology  which  is  applicable  to  LSI  and  VLSI  circuits,  and  which 
meets  militasy  environmental  requirements. 


1 


c.  Strong  linkage  to  a commercial  product  and  computer 
family  to  provide  comprehensive  system  and  software  development  tools. 

Qualification  should  not  be  restricted  to  one  family. 
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Question  #1:  How  should  the  Naval  Air  Systems 
Cormand  (NAVAIR)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

NAl/AIR  and  industry  mold  then  have  a ^Aamework  wheAeby 
the  number  device*  to  be  developed  and  supported  could  be  Aest tided. 
This  Mill  also  encourage  the  development  ofi  multiple  sources. 

* * * 

13.  a.  Mandate  that  all  bidders  faor  system- development  programs 
perform  lifie  cycle  cost  vs.  risk  studies  in  their  proposals,  based  on  the 
expected  deployment  and  spare  quantities  oven  the  expected  lifie  ofi  the 
system.  Consider  LSI,  hybrid,  and  painted  cijicuit  MSI  implementations . 

b.  Procure  all  devices  expected  to  be  required  with  one 
oAdeA.  StoAe  unused  wafers  at  various  locations  to  avoid  the  AequiAement 
&or  a second  souAce. 

c.  Have  militoAy  production  capability  in  selected  (indus- 
tAy  standoAd)  technologies.  Insist  that  contractors'  design  development 
mask  tapes  be  compatible  with  MIL- process.  Deliver  chips  GFE. 

d.  ConsideA  semi-custom  appAoaches  before  all  custom: 

(?)  Gate  aAAays / mas  tea  slice 

(2)  Programmable  functions  [micAopAocessoAS , 

PLAs,  PROMs,  etc.) 

* * * 

14.  In  answering  the  question  asked,  seveAal  assumptions  have 
been  made  which  aAe  based  on  prior  conversation*  with  NAVAIR  and  otheA 
Government  agency  personnel,  and  a knowledge  ofi  theiA  procurement  cycles. 
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Question  #1:  How  should  the  Naval  Air  Systems 
CooMnd  (navair)  facilitate  the  use  of  advanced 
technology  microcircuits.  while  Insuring 
adequate  support  of  logistics  and  potential 
moblllratlon  needs,  and  protecting  Itself 
against  supplier  catastrophe? 


a.  The  basic  problem  l*  the.  low  volume,  oh  part*  required, 
ranging  h^om  a |$eu)  ku.ndn.eci!>  to  a (Jew  ten*  oh  thousand*.  This  pnoblem  Is 
compounded  by  the  relatively  long  period  oh  time  dunlng  which  the  pant* 
must  be  available,  ih  million*  oh  pant*  were  nequlned,  thene  would  be  no 
problem  In  obtaining  the  device*  needed. 

b.  The  environmental  requirement*  which  the  part*  must 
meet  are  severe  and  the  reliability  under  these  adverse  condition*  must 
be  very  high.  Therehore,  the  cost  oh  quality  control  and  testing  l*  a 
substantial  part  oh  the  device  cost. 

c.  in  many  cases  the  LSI  is  part  oh  a complex  equipment. 

As  a result,  the  cost  oh  the  LSI  chip  Is  not  a slgnlhlcant  \xirt  oh  the 
total  equipment  cost,  so  the  price  oh  the  chip  Is  a minor  consideration. 
This  Is  the  opposite  oh  many  commercial  situation* . 

The  best  answer  to  the  question  seems  to  be  the  use  oh 
designs  owned  by  NAVAiR,  Including  design  rules,  mask  tooling,  and  process 
detail*.  This  approach  may  be  accomplished  readily  by  using  the  Standard 
Cell  approach  developed  by  NSA  and  NASA,  which  tend*  to  make  the  manu- 
hacturlng  process  Independent  oh  the  supplier.  The  automated  design 
procedure * Inherent  In  the  approach  h^c.llltate  the  use  oh  advanced  tech- 
nology and  circuit  techniques. 

* * * 

15.  Tor  multiple  reasons,  a custom  LSI  circuit  embodying  a 
Limited  technology  should  be  allowed  only  when  either  technical  or  econ- 
omic reasons  justlhy  Its  use.  The  technical  constraints  would  Include 
size,  weight,  power,  etc.  Where  the  above  consideration*  are  not  justlhl- 
able,  the  use  oh  standard  widely  accepted  LSI  and  MSI  devices  should  be 
used. 
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Question  #1:  How  should  the  Haval  Mr  System 
Comand  ( NAVA  I R ) facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 


Tor  application!)  requiring  the  use  oi  custom  LSI  device*, 
genenal  guideline * i on  use  A ho  aid  Include  pnojected  usage,  multiple 
sources,  total  quantity  buy*,  and  so  iorth. 

An  Impontant  conAldenatlon  Is  the  pneAent  and  pnojected 
c ommenclal  application  o i the  item,  Alnce  this  anena  constitute*  the  mo*t 
Algnlfilcanl  iactor  In  the  Hie  oi  electnonlc  pants. 

* * * 

16.  NAt/AIR  should  spediy  complex  Integnated  clncuits  at  the 
iunctlonal  level  and  should  standandlze  ionm,  iit,  and  iunctlon  hene.  A 
neplacement  pant  can  then  be  inlnoduced  that  obsolete*  the  old  pant  with- 
out Impacting  the  using  equipment. 

NAVAIR  should  conslden  the  possible  use  oi  comendal-type 
LSI  and  ways  to  utilize  it  within  the  militany  environment.  The  design 
oi  clncuitny  In  using  equipments  that  accepts  the  constraints  oi  commercial 
LSI  would,  oven  the  long  haul,  pay  high  dividends. 

* * * 

17.  WAl/AIR  should  encourage  equi)xnent  manuiacturens  to  use  QPL 
and  commercial  pant*  where  possible.  An  up-to-date  preferred  pants  list 
other  than  QPL  listings  should  be  made  available  to  OEMs  during  the  design 
phase.  WAUAIR  might  consider  developing  alternate  source * ion  LSI  pro- 
ducts which  are  not  otherwise  available  irom  more  than  one  source. 

LSI  technologies  which  are  used  ificatd  be  proven  processes 
that  are  reproducible  irom  more  than  one  semiconductor  supplier. 

* * * 
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Question  #1:  Mow  should  the  Navel  Air  System 
Connand  (NAVAIR)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

IS.  a.  Specify  custom  LSI  parts  replacement  on  the  basis  of 
functional  equivalence  as  the  beAt  protection  against  the  possibility  of 
future  parti,  unavailability  and  technology  obsolescence.  Functional 
equivalence  it,  defined  at,  a replacement  part  having  identical  electrical 
and  logic  charact eris tics  at,  the  original  part,  and  having  the  tame 
external  packaging  configuration  \e.g.,  24-pin  VIP)  and  identical  pin 
assignments . The  acceptance  of  functionally  equivalent  parti  mill  ob- 
viate the  need  to  document  the  procea  by  which  the  original  parti  mere 
made  and  to  re-establish  an  identical  line  after  a lapied  time  of  perkapi 
ten  yean,  during  mhich  irocess  materials  [reiliti,  Advents,  etc.)  and 
equipment  ( furnacci , etchers,  teAten)  may  all  have  changed. 

b.  Change  procurement  policieA  for  replacement  parts  of 
custom  LSI  from  yearly  purchaser  to  multi-year  or  lifetime  procurement. 

In  the  case  of  custom  LSI,  annual  replacement  needs  may  be  on  the  order 
of  50  to  100  units  mhich  may  represent  a few  wafers  for  the  year.  To 
re-establish  a line  each  year  to  produce  these  few  wafers  is  not  cost 
effective. 


However,  a study  may  be  necessary  to  determine  the 
effect  of  shelf  life  on  microelectronic  circuits.  Little  long-term 
H.e.,  10  year)  aging  data  are  available  to  support  the  premise  that 
lifetime  procurement  of  replacement  parts  is  feasible. 

To  minimize  the  cost  of  inventorying  parts  over  exten- 
ded periods  of  time,  it  may  be  advisable  to  store  the  LSI  chips  in  wafer 
form  prior  to  dicing  and  packaging.  However,  storage  of  chips  on  tape 
chip  carriers  offers  some  distinct  advantages  over  wafer  form  storage. 
First,  each  chip  can  be  extensively  tested  and  only  the  good  units 
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Question  II:  How  should  the  Naval  Air  System 
Coemnd  (NAVA1R)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

retained.  Second,  the  individual  chip s can  be  stressed  U.e.,  temperature 
cycled)  and  concurrently  tested  to  detect  weaknesses . Third,  the  tape 
chip  carriers  can  more  easily  be  shelf  tested  periodically.  Fourth,  the 
tape  chip  carrier  storage  saves  the  cost  o f packages  and  packaging  while 
retaining  the  advantage  oft  automated  bonding. 

c.  Since  custom  LSI  is  a non-standard  part,  it  is  generally 
required  to  undergo  qualification  testing.  Rather  than  qualify  each  LSI 
part,  it  man  be  feasible  to  qualify  a fabrication  process  and  an  associated 
set  of  design  rulers  such  that  any  custom  LSI  using  this  process  and  adher- 
ing to  these  design  rules  would  become  qualified.  This  concept  could  be 
extended  to  include  "standard  cell  libraries"  whose  use  would  not  require 
requalification. 

d.  Hake  provisions  in  developmental  contracts  to  provide 
special  incentives  for  the  use  of  custom  LSI  where  the  advantages  of  doing 
so  will  clearly  benefit  the  system  in  terms  of  performance,  cost,  size,  or 
reliability  even  if  the  benefits  would  not  be  received  until  subsequent 
phases  of  the  program  ( i.e .,  production  or  deployment) . 

A.t  present,  there  does  exist  an  added  cost  and  risk  in 
the  use  of  custom  LSI  parts  during  early  phases  of  system  development  where 
the  system  requirements  may  not  be  firm  and/or  the  LSI  design  may  not  be 
verified.  Under  these  circumstances,  custom  LSI  will  not  be  used  if  there 
is  a choice  in  implementation.  The  incentive  to  use  LSI  in  the  system  to 
capture  its  benefits  might  be  in  the  forn  of  additional  reimbursement  for 
non-recurring  cost  and  additional  time  in  the  development  schedule. 
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Question  #1:  How  should  the  Naval  Air  Systems 
Command  (MAVA1R)  foci  11  tot*  th*  us*  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

e.  Consider  obtaining  agreement  among  the  major  military 
suppliers  0(5  custom  LSI  parts  to  the  ^oum  and  Aub-iiance  o^  a data  ba^e 
bon.  babrication  and  testing  ob  the  pants  such  that  procured  custom  LSI 
pants  can  be  transportable  without  the  cost  and  delay  o b haoing  to  retool 
the  masks  or  reunite  testing  programs. 

In  many  cases  the  LSI  technology  is  versatile  and  allom 
us  to  provide  extremely  dense  banctions  at  low  cost  and  small  size . 
Therefore,  we  can  use  the  increased  banctional  content  ob  the  chips  to 
perborm  built-in  test,  redundant  sparing  ob  i functions,  on  other  beatures 
which  enhance  system  e^ec tiveness  and  availability . 


Recent  projections  at  several  conferences  show  a 30: 1 
increase  in  the  total  number  ob  IC  bwetions  produced  per  year  by  the 
semiconductor  industry  beticeen  now  and  1985  Ibrom  3 x 10u  to  10 ^). 

This  dramatic  increase  will  be  the  result  ob  many  new  product  applica- 
tions using  highly  complex  LSI  chips  such  as  automobile  and  home  elec- 
tronics which  will  be  supplied  in  quantities  so  large  that  they  will 
dwarb  the  previous  high  quantities  supplied  to  applications  such  as  the 
mainbrame  computer  companies.  It  is  important  b0K  u*  -Co  grow  with  this 
technology  in  our  ability  to  use  its  rapidly  increasing  bunctional  content 
and  rapidly  decreasing  cost  per  function.  The  projected  benebit  ob  this 
technology  over  the  period  to  1985  will  be  a 5:1  cost  per  b^nction  decrease, 
at  least  a 10:1  increase  in  bunction  per  chip,  and  resulting  benebits  ob 
reduced  volume,  increased  reliability,  and  reduced  power. 


Tor  the  military  to  keep  pace  with  this  rapid 
and  to  gain  the  benebits  ob  this  LSI  technology,  we  must  (I) 
risk  ob  LSI  commitment  to  major  fjrograms,  and  (2)  reduce  the 


evolution 
reduce  the 
cost  and 


wm 
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Question  #1:  Mow  should  the  Naval  Air  Systam 
Copland  (NAVAIR)  facilitate  the  us*  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
Mobilization  needs,  and  protecting  Itself 
aoainst  supplier  catastrophe? 

schedule  oh  the  LSI  chip  development.  With  xegaxd  to  the  xisk,  we  need 
to  sustain  exedible  souxces  in  busines s.  At  present,  thexe  axe  companies 
cleaxly  intexested  in  militaxy  LSI  business,  but  these  axe  laxgely  captive 
IC  divisions  o h majox  VoV  systems  manuhactuxexs . They  axe  thexehoxe  in 
the  business  to  sustain  the  pxoduct  develo\Ments  necessaxy  fax  theix  sys- 
tems activities.  This  is  important  and  does  pxovide  a cxedible  souxce, 
but  leads  to  the  basic  pxopxietaxy  natuxe  oh  the  technologies  that  these 
houses  pxovide.  Thexe  would  have  to  be  a pxohitable  business  potential 
with  much  laxgex  usage  oh  militaxy  LSI  to  pxomote  intexest  outside  oh 
these  captive  suppliexs. 

Going  back  to  the  pxojection  oh  a 3 0:1  incxease  in  the 
total  annual  pxoduction  oh  IC  honctions  pex  yeax  by  198 5,  it  is  impoxtant 
to  xealize  as  well  that  on  single  chips,  device  complexities  oh  ovex 
100,000  txansistoxs  will  be  pxoduced  at  that  time.  Howevex,  the  xecent 
hlattening  oh  IC  complexity  as  measuxed  in  gates  pe*.  chip  in  militaxy 
systems  is  an  indication  that  we  axe  not  keeping  pace  with  that  dxamatic 
gxowth  potential.  Coupling  that  with  the  xealization  that  thexe  is  no  new 
standaxd  logic  hamiiy  oh  LSI  complexity  devices  ^cAc&een  in  the  hotuxe,  it 
is  then  oh  concexn  whethex  thexe  will  be  a long-texm  device  technology  on 
which  VoV  systems  can  count.  We  have  in  the  past  xelied  heavily  on  the 
standaxd  SSI/MSI  homilies  oh  TTL,  STTL,  ECL,  and  CMOS,  but  can  no  longex 
pxoject  any  moxe  than  a slow  evolution  oh  new  hunetions  being  added  to 
those  homilies . Oth ex  than  the  basic  micxopxocessoxs , theix  suppoxt  cix- 
cuits,  and  semiconductox  memoxies,  thexe  is  not  evolving  a complete  homily 
oh  LSI  complexity  devices  that  txuly  sexvice  the  needs  oh  high  pexhoxmance 
sensox  pxocessing  militaxy  equipment. 
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Question  #1:  How  should  the  Naval  Air  System 
Coemand  (NAVAfR)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  itself 
against  supplier  catastrophe? 

With  regard  to  the.  microprocessors  as  a.  solution  to  tk- Li 
need  for  custom  military  circuits,  one  must  realize  that  although  the 
microprocessors  provide  tow-cost  standard  functions , they  require  custom 
programming  which  is  g enerally  as  costty  as  the  custom  LSI  chip  develop- 
ment, and  their  performance  in  the  end  is  generally  an  order  of  magnitude 
below  that  of  custom  functions  realized  out  of  the  same  circuit  techno- 
logy. Furthermore,  the  basic  microprocessor  chip  families  in  high-speed 
computers  compulse  generally  only  15%  to  20 % of  the  total  IC  count  in  the 
computed.  For  example,  a 7553  serial  data  bus  interface  will,  in  general, 
require  mo  fie  integrated  cificuit  chips  than  an  entitle  microcomputer  built 
with  high  technology  LSI  devices.  Therefore,  the  microprocessors  will 
faind  many  applications  in  military  systems,  but  will  also  be  restricted 
from  many  of  the  high  data  rate  requirements,  and  even  where  they  are 
effectively  used,  will  comprise  only  a small  part  of  the  total  1C  parts 
count  needed  to  make  a complete  system.  Therefore,  it  has  generally  been 
accepted  that  some  means  of  custom  LSI  will  be  very  important  to  also 
reducing  the  parts  count  and  power  of  the  other  support  circuits  that  are 
unique  to  the  systems  and  are  necessary  around  the  microprocessors  where 
they  are  used. 

We  must  attack  the  problem  of  the  inherent  risks  imposed 
upon  programs  in  LSI  chip  development  through  the  unpredictable  schedule 
and  cost  of  the  design  and  fabrication  of  first  devices.  There  have  been 
many  contracts  in  the  areas  of  LSI  technology,  but  few  have  gone  the  full 
distance  of  building  sufficient  devices  to  characterize  their  reliability 
and  to  learn  more  about  the  efficient  design  of  subsequent  functions  in 
that  technology.  Too  often  we  have  stopped  with  a single  demonstration 
vehicle  of  a particular  high-technology  approach.  It  would  be  more  impor- 
tant to  have  characterized  a thousand  devices  with  reliability  history 
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Question  #1:  How  should  the  Naval  Air  System 
Comand  (NAvAlR)  facilitate  the  use  of  advanced 
technology  ail  croc  Ircults,  while  Insuring 
adequate  support  of  logistics  and  potential 
aioMllzatlon  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

and  with  low  error  rates  than  to  have,  squeezed  out  one  more  nanosecond 
performance.  Much  of  this  may  hinge  on  new  utilization  o f compute*.- aided 
design  approaches  and  the  development  o f such  approaches  as  cell  libraries 
and  configurable  gate  arrays.  I n these  cases,  only  the  ultra-high  per- 
formance or  special  devices  are  developed  with  full  hand-crafted  design 
engineering,  and  the  remaining  functions  employ  largely  a computer-aided 
design  approach  based  upon  already  known  circuitry. 

The  basic  procurement  of  military  systems  Is  still  such 
that  the  risk  of  LSI  utilization  Is  amplified  due  to  the  extreme  attention 
during  the  development  cycle  of  cost- competitive  procurement,  followed  by 
a rapid  schedule- sensitive  transition  to  production.  Therefore,  during 
the  competitive  development  period,  a contractor  Is  ill-advised  to  Invest 
his  own  money,  not  yet  knowing  who  will  be  the  successful  production 
source,  In  a technology  which  yet  provides  added  risk  to  even  being  able 
to  demonstrate  the  system  concepts  that  he  is  proposing.  This  is  followed 
then  by  the  rapid  transition  to  production,  wherein  a contractor  is  not 
highly  motivated  to  go  back  and  make  changes  to  the  system  which  will  only 
further  delay  Us  entry  Into  production.  ProfU  Incentives  here  to  uti- 
lize technologies  such  as  LSI  to  reduce  production  costs  or  to  Improve 
reliability  after  a contractor  is  selected  for  production  would  be  one 
alternative;  there  are  probably  others. 

The  basic  market  for  military  LSI  needs  a shot  In  the  arm. 
If  U were  viewed  as  a profUable  business  outside  of  the  basic  systems 
contractors,  then  there  would  be  custom  LSI  capabilities  developed  and 
second  sources  In  the  Industry.  Since  U may  require  too  large  of  a step 
function  Increase  In  the  total  LSI  business  level  In  military  systems  to 
reach  that  as  a goal,  we  may  instead  at  first  consider  means  of  better 
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Question  II:  How  should  the  Navel  Air  System 
CoMsand  (NAVA1R)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilisation  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

lining  the  1C  fabrication  capabilities  in  moist  of  the  major  system  contrac- 
tors. In  theAe  case s,  VoV  funding  to  sponsor  common  CAP  design  approaches 
involving  cell  libraries  and  gate  arrays,  etc.,  would  enhance  the  sourcing 
of  key  LSI  device*  in  <5 uture  Ay* tern*  and  relieve  oua  major  dependence  on 
low  level  SS1/MS1  ICa.  PaAollel  programs  to  fabricate  AeaAonable  quanti- 
ties o ($  devices  having  majoA  VoV  inteAest  would  be  a coAAect  step  in  the 
night  dlAection.  Foa  example,  contAacts  to  fabricate  specific  veAy  high 
performance  signal  pAocessing  componen-ts  oa  special  military  interface 
ciAcuitA  would  Aesult  in  key  technologies  in  the  systems  contAactoAS  becom- 
ing betteA  known  to  program  managers  thAough  extensive  device  Aeliability 
testing.  Specifically , it  could  be  Aecommended  that  million  doltaA-plu s 
contAacts  be  let  to  prove  the  device  Aeliability  of  technologies  at  as 
many  as  a half-dozen  systems  contractors,  with  some  requirement  then  that 
makes  these  device  technologies  available  for  outside  sale.  The  avail- 
ability of  these  technologies  for  outside  sale  will,  in  certain  cases, 
be  of  concern  because  of  the  competitive  nature  between  the  companies. 
However,  in  many  cases,  including  our  own,  there  have  been  sales  already 
directly  to  other  systems  contractors  involving  our  most  advanced  LSI 
forms. 

Finally,  with  regard  to  the  specific  questions  in  the  NAC 
letter,  there  is  a certain  suggestion  that  LSI  implies  an  increased  expo- 
sure to  supplier  catastrophe  or  device  technologies  becoming  obsolete 
during  the  operational  life  of  avionics  equipment.  I would  suggest  that 
perhaps  over  the  long-term  life  of  mny  systems  having  support  requirements 
of  10  to  15  years  and  more,  that  LSI  may  not  be  any  more  unprocurable  over 
that  life  than  what  we  currently  know  as  the  standard  vendor  SSI /MSI  parts. 
The  reasoning  here  is  that  the  major  growth  projected  in  the  1C  technology 
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Question  #1:  Mo-  should  the  Neva)  Air  System 
Conmnd  (hAVAlR)  facilitate  the  use  of  advanced 
technology  Microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
Mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

is  in  custom  on  dedicated  LSI  and  no  t in  tint  AtandaAd  SSI /MSI  families 
■inch  as  TTL.  The.mi.by,  most  new  pAoducts  including  LSI  will  be  using  some 
foAm  o f dedicated  on.  custom  LSI;  at  least  they  will  be  uAing  cuAtom  pAo- 
gsamA  AtoAed  in  R0M4  on.  PROM A to  contAol  the  AtandaAd  mlcAopAocessoA 
devices,  and  in  many  coaca  they  will  be  uAing  cuAtom  ciAcuitA  uniquely 
designed  fos  A pedal  AequinementA. 

The  psojections  A hou)  the  majosity  of  total  1C  pAoduct 
complexity  to  be  met  in  the  f \utuAe  with  Auch  dedicated  oa  cuAtom  pantA 
(exclusive,  of  couAAe,  of  the  AtandaAd  RAMa  and  ROMs).  Since  uie  aae  not 
identifying  a new  family  of  AtandaAd  high-level  functionA  we  theAeby  Aee 
the  choice  of  Aelying  on  cuAtom  oa  pAognammable  clncuiXA,  oa  of  continu- 
ing to  fall  bach  on  the  AtandaAd  families  Auch  oa  TTL  which  oac  alAeady 
ten  yeaAA  old.  To  do  the  latteA  may  be  a niAk  in  the  ability  to  poocuAe 
Auch  devices  oveA  the  next.  75  yeoA a. 

The  AtAongeAt  secormendation  to  add  Aome  pAotection  to 
ouA  ability  to  AepAocuAe  devices  iA  pAobably  to  baAC  ouA  LSI  mliitoAy 
technologies  on  a common  CAP  design  appAoach  which  will  neceSAaAily  tend 
to  Aesult  in  AimllaA  to  identical  functions  being  Aedeveloped  in  the  nejw 
technologies  and  pAocesses  that  evolve  oveA  the  yeaAA,  that  in  Itself 
pAovides  a usable  design  documentation  foA  AepAocuAcment. 

An  examination  of  what  the  semiconductoA  induStAy  and 
aeAospace  a emiconductcA  houses  aAe  do-tng  that  may  be  applicable  to  the 
mllitaAy-tijpe  applications  of  low  to  modesate  volume  with  a shoAt  design 
cycle  time  and  low  non-AecuAAing  cost  indicates  a pAolifeAation  of  gate 
assays.  Potential  Auppliess  aAe  going  in  diffeAent  diAections  with  se- 
gaAd  to  technology  and  qate  aAAay  configusations . Poa  example,  gate 
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Question  #1:  Ho*»  should  the  Navel  Air  System 
Coanand  (NAVA IK)  facilitate  the  use  of  advanced 
technology  microcircuits,  while  Insuring 
adequate  support  of  logistics  and  potential 
mobilization  needs,  and  protecting  Itself 
against  supplier  catastrophe? 

<■ issays  have,  been  announced  using  l^L,  bulk  CMOS,  SOS  CMOS,  NMOS,  ST^L,  and 
ECL  technologies;  in  addition,  the  various  gate  assays  have  a diffesent 
numbes  of  gates  1112,  16S,  262,  640,  S00,  etc.)  as  well  as  diffesent  de- 
sign miles  ()( an  out,  speed,  load  cussents) . Several  oj$  the  gate  assay 
technologies  utilize  processes  which  axe  too  new  to  have  been  stabilized, 
and  modifications  can  be  anticipated. 

Selection  of  an  approach  using  a matuse  process  and  stan- 

n 

dasd  5 400  Schottky  T L cells  appeaAS  to  be  a good  starting  point  OA 
spsingboasd  fsom  which  VoV  could  formulate  and  stees  the  diAection  of 
LSICs  fos  neaA-tenm  (and  possible  long-term ) militaAy  applications. 

Without  the  leadcAShip  oa  diAection  of  a thiAd  pasty,  as  VoV,  industAy 
will  continue  in  a multitude  of  diffeAent  diAections . 

Why  select  the  standoAd  cell/ cell  assay  technology ? Key 

n 

Aeasons  ar le  that  LST  L is  a matuse  psocess  and  it  is  a technology  that 
offess  the  high  speed  Aequisement  needed  in  a majos  numbeA  of  militaAy 
systems,  as  pointed  out  in  the  AepoAt  " Lasge  Scale  Integ sated  CiAcuits 
foA  MilitaAy  Applications,"  1VA  Papes  P-1244,  by  Glenn  W.  Pseston.  A 
vesy  useful  set  of  SSI  and  MSI  cells  have  been  defined  fos  use  in  PCB 
applications.  Eos  LSTC  applications , the  emulating  of  selected  SSI/MSI 
functions  with  specific  electsical  and  logic  chasactesistics  would  allow 
VoV  to  specify  common  chasactesistics  so  that  inteschanging  of  cell  types 
between  diffesent  semiconductos  establishments  would  be  psactical.  In 
effect,  VoV  would  os  could  be  the  custodian  of  the  cell  libsasy.  Custom 
LSJCs  would  have  common  factoss,  as  the  cell  dimensions , geometsy  of 
devices  (tsansistoss , sesistoss , and  diodes),  location  of  I/O  pads,  and 
specified  electsical  chasactesistics  with  compatible  design  guideline 
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OueJtlon  (1:  How  should  th«  Naval  >lr  System 
Copland  (NAVA1R)  facilitate  the  use  of  advanced 
technology  aitcrocl rcul ts . while  Insuring 
adequate  support  of  logistics  and  potential 
■oolltiatlon  needs,  and  protecting  Itself 
against  supplier  catastrophe! 

rules.  The  specific  interconnect  and  logic  function  could  be  maintained 
proprietary  to  a company  if  to  desired.  VoV  could  coordinate  the  supplying 
o f digital  data  or  10X  reticle  masks  to  different  semiconductor  houses, 
thereby  enabling  them  to  produce  cuitom  LSIC  cell  array a. 

* * * 

19.  Wafer  storage  is  the  obvioui  solution. 

* * * 

20.  Current  on-going  major  military  program  -should  be  reviewed 
to  determine  what  commercial  types  o f advanced  LSI  technology  are  being 
used.  As  an  example,  a composite  microcircuit  usage  list  has  been  devel- 
oped on  the  T-18  Navy  program  as  a result  of  inputs  provided  by  major  P-18 
kvionics  Parts  Control  Board  members.  This  list,  though  not  finalized, 
represents  a major  portion  o f the  types  of  LSI  being  employed.  Based  on 
this  list,  plus  similar  lists  on  other  major  program,  the  military  would 
be  in  an  excellent  position  to  select  those  devices  which  should  receive 
major  attention  for  documentation  under  M1L-M- 38510 . In  this  way,  stan- 
dards would  exist  on  which  industry  could  bid,  thereby  opening  up  the 
door,  through  competition,  for  multi-sourced  devices.  At  the  same  time 

a common  number  would  be  established  whereby  military  contractors  could 
procure  the  device.  In  this  way  the  objectives  of,  the  Navy  concerns  re 
commonality  and  multi- sourcing  would  best  be  satisfied. 

* * * 


f 
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B.  Question  #2:  How  should  NAVAIR  protect  itself  from  the 
ever-increasing  problem  of  devices/technologies  that  become  obsolete 
(unprocurable)  during  the  operational  life  of  avionics  equipment? 

Highlights: 

Following  are  the  predominant  suggestions  mentioned  by  the 

respondents: 

• Make  life-of-type  buys  of  parts. 

• Emphasize  functional  specifications  at 
the  module  or  assembly  level. 

• Restrict  the  use  of  technologies  to  those 
in  the  mainstream,  where  a number  of 
companies  are  committed  to  the  technology 
for  both  military  and  long  product  cycle 
commercial  applications. 

• Establish  multiple  sources. 

Other  suggestions  included: 

• Use  of  LSI  devices  which  have  a firm 
vendor  marketing  plan  for  upward  compatible 
product  development. 

• Use  of  bonded  wafer  storage. 

• Communication  of  LSI  needs  between 
Government  equipment  suppliers  and  OEMs. 
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Question  #2:  How  should  NAVA I R protect  Itself 
from  the  ever-increasing  problem  of  devices/ 
technologies  that  become  obsolete  (unprocurable) 
during  the  operational  life  of  avionics 
equipment? 

• Obtaining  of  design  disclosed  infor- 
mation by  the  Government  on  LSI  so  that 
another  reputable  manufacturing  source 
can  produce  the  product  if  needed. 

• Development  of  a viable  LSI 
standardization  program. 

Industry  Replies: 

1.  Protection  against  devices /technologies  that  become  obsolete 
during  the  operational  life  of  avionics  equipment  can  be  overcome  through 
a more  conscious  effort  to  communicate  between  suppliers,  OEMs,  and  gov- 
ernment agencies.  Given  greater  visibility  of  logistics  support,  needs 
identified  to  the  prime  supplier  followed  with  an  annual  review  to  deter- 
mine both  forecast  needs  and  supplier's  intentions  to  fulfill  those  needs 
by  sustaining  production  would  go  a long  way  to  protect  against  unplanned 
obsolescence.  Similarly,  if  a supplier  ittends  going  out  of  business  on 

a particular  end  item,  and  if  he  had  visibility  of  its  demand  to  Support 
avionics  equipment,  proper  notification  could  be  afforded  to  allow  "life 
of  type"  buys  to  occur  routinely. 

* * * 

2.  a.  By  restricting  the  technologies  designed  into  opera- 
tional equipment. 

b.  By  maximizing  modularity  of  equipment  designs  so  that 
the  necessary  technology  upgrading  can  be  restricted  to  the  afflicted 
subsystems  l ALUs,  memories,  multiplexers,  etc.) 

* * * 
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Question  12:  How  should  NAVAIR  protect  Itself 
from  the  ever* Increasing  problem  of  devices/ 
technologies  that  become  obsolete  (unprocurable) 
during  the  operational  life  of  avionics 
equipment? 

3.  Thib  ib  a majoA  problem  bLnce  the  militaAy  mold  pAobably 
ube  the  bame  oLAeu.it b foA  ten  to  twenty  yeoAb.  The  clxcultb  Mould  cex- 
tainly  be  obbolete  long  befoAe  the  militaAy  btopped  ubLng  them.  Again, 
the  anbwex  to  thelx  pAoblem  mould  be  foA  NAVAIR  to  have  thelx  own 
pAocebbing  capability. 

* * * 

4.  ConceAnlng  obbolebcence  duAlng  the  opeAatlonal  life  of 
avionlcb  equipment,  with  incAeabed  ube  o ^ modulaAlty  and  multiplex 
bubing  in  bybtern,  the  effect  of  a changing  technology  can  be  accommo- 
dated. 

* * * 

5.  iilhexe  thib  pAotectlon  cannot  be  guaAanteed,  the  ube  of  a 
multl-bouAce  leading  edge  technology  will  pAovlde  the  bebt  hedge.  A 
btAong  and  cooAdlnated  btandaAdlzatlon  pAogAam  within  the  militaAy  would 
go  a long  way  toioa-rd  a bolutlon  to  thib  pAoblem. 

* * * 

6.  PAcject  lifetime  buy  needb  and  entex  Into  lifetime  buy 
agAeementb  with  the  deviceb  btockpiled  at  a vendoA'b  bonded  btoAage  axea 
oa  at  NOJSC,  CAane. 

* * * 

7.  Navy  effoAtb  bhould  be  dixected  to  implementing  thobe  LSI 
deviceb  ab  btandaxdb  lohlch  have  a fixm  vendoA  maxketing  plan  foA  upwaxd- 
compatlble  pAoduct  development,  and  which  axe  Intended  to  functionally 
Aeplace  and  enhance  the  pxoduct  In  pAebent  ube,  at  the  device  level.  We 
axe  ubing  the  technique  of  belecting  functional  btandaxdb  foA  vaxloub 
clabbeb  of  pxocebbing  pxoblemb.  Foa  example,  we  uae  the  following  mlcxo- 
pxocebboA  clabbeb:  8-bit,  16-bit,  low-powex,  and  bit  btlceb.  Bating 
pAebent  debignb  on  the  8080  and  then  upgAadlng  to  the  180A  oa  808 5 ib 

a typical  example  of  an  upwaxd- compatible  technology. 


60 


NAC  TR-2221 


Question  12  How  should  NAVAIR  protect  Itself 
from  the  ever-increasing  problem  of  devices/ 
technologies  that  become  obsolete  (unprocurable) 
during  the  operational  life  of  avionics 
equipment? 


Ah  alternative  to  the.  component  level  of  Atandandization 
iA  to  diA  regard  the  device  implementation  for  any  iubaaewbly  function, 
and  require  only  AubaAAcmbly  level  compatibility.  It  it>  conceivable 
ov>eA  the  life  cycle  of  a product  that  a AubasAcmbly  can  evolve  < from  100 
I flatpackA  of  diAcnete  MSI  logic  to  one  on.  too  LSI  package a and  Atill 
remain  functionally  identical,  and/on  more  powerful,  {.chile  keeping  iden- 
tical interfaceA  to  the  Ay  a tern  in  which  it  rcAideA.  Specifying  page 
functional  equivalence  land  not  component  technology  on  pnoceAAeA)  iA 
by  fan  Icaa  expen&ive  and  ncquirei  le is  technology  foneca&ting  on  the 
military 'a  [xcrt,  and  thane f one  Icaa  nisk. 

* * * 

8.  The  item  diAcuAAcd  in  Question  1 apply,  namely: 

• Life  of  type,  buy A. 

• Planned  technology  upgnadeA. 

• UultiAourcing. 

A a a final  point  on  thiA  queAtion,  u)e  might  add  that  the 
mcjAt  unpno fitable  buAineAA  fon  a microcircuit  Aupplien  iA  to  build  a few 
hundned  on  even  a few  thousand  pieces  of  a device  on  a technology  in 
which  the  "life  of  type"  buy  woa  completed  Ac  venal  yean a prion.  ThiA 
Aituation  iA  almoAt  tike  "Atanting  fnom  Acnatch."  ConAidering  the  factA 
that  (!)  thiA  iA  a fnequent  and  coAtly  occunnence,  and  (2)  that  micno- 
cincuitA  nepneAent  a Amall  percentage  of  an  overall  AyAtem  procurement, 
NAVAIR.  might  wiAh  to  conAiden  a Aignificant  "oven-buy"  of  micnocincuitA . 

* * * 

9.  I'Je  feel  the  moAt  coAt  effective,  leaAt  niAk  approach  id 
to  Aolve  the  problem  at  the  aAAembly  level  through  the  uac  of  Atajidard 
avionic  moduleA  (SAM)  functionally  Apecified  to  be  technologically 
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Question  92:  Hou  should  NAVAIR  protect  Itself 
froei  the  ever- Increasing  problem  of  devices/ 
technologies  thet  become  obsolete  (unprocurable) 

Airing  the  operational  life  of  avionics 
equipment! 

transparent.  The  use  of  form,  fit,  and  function  specifications  offer* 
the  potential  to  introduce  competition  and  will  enable  the  incorporation 
oh  up-to-date  LSI  device  technology  ( within  the  SAM)  via  more  cost- 
competitive  functional  solutions  to  the  SAM  function. 

Qua* i- standard  and  custom  LSI  device  procurement  problem* 
can  be  overcome  through  the  use  of  life  cycle  buy * at  a point  when  pro- 
curability become*  a potential  problem.  The  procurement  of  total  projec- 
ted need*  in  wafer  form  i*  potentially  a very  co*t  effective  solution. 
Requiring  established  dual  *ourcing  capability  would  also  afford  a 
certain  degree  of  protection. 

The  *olution  to  commercial  LSI  device/ technology  obsoles- 
cence  lies  in  the  use  of  form,  fit,  and  function  *pecification*  and  the 
resulting  technology  tranS]oare.ncy  of  the  design. 

Some  progres*  in  the  practical  *ide  o<$  this  problem 

( mechanical  *tructure,  power  *upplies,  etc.)  is  being  made  with  the  SEM 

2 

approach  and  the  quasi- *tandard  5-volt  *upply  which  can  be  used  for  T L, 

n 

NMOS,  CMOS,  and  I L.  Thus,  although  exact  replacement*  may  not  be  avail- 
able, functional  equivalent*  should  be  available. 

* * * 

10.  It  would  appear  that  the  only  practical  way  for  MAl/AIR  to 
protect  itself  from  the  obsolete  devices  /technologies  problem  is  to  mini- 
mize the  effect  of  such  obsolescence.  In  some  applications , the  stocking 
of  a lifetime  of  spares  would  be  the  best  answer.  In  others,  interchange- 
ability  at  some  modular  level  would  be  the  best  answer.  In  instances 
where  custom  devices  have  been  designed  using  standard  cell  libraries  and 
CAP  program*  developed  by  the  Government,  a compatible  process  capability 
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Question  #2:  How  should  NAVA I R protect  Itself 
from  the  ever- Increasing  problem  of  devices/ 
technologies  that  become  obsolete  (unprocurable) 
during  the  operational  life  of  avionics 
equipment? 

should  be  maintained.  When  industry  would  normally  discontinue  this  pro- 
cess, the  Government  couid  subsidize  a number  of  manufacturers  [on  a 
competitive  bid  basis ) to  maintain  such  processing.  I f industry  urn  not 
interested,  the  Govexnment  could  uac  its  own  pxoceAA  jag  facilities  to 
build  spaxes. 

* * * 

11.  NAVA1R  can  pxotect  itself  fxom  the  evex-incxeasing  pxoblems 
of  devices /technologies  that  become  obsolete  duxing  the  opexating  life  of 
avionics  equipment  by  selecting  technologies  that  axe  mainstxeam  techno- 
logies and  axe  Suppoxted  by  majox  semiconductox  suppliexs  committed  to 
exploitation  of  these  technologies  in  the  industxial  and  commexcial  max- 
ketplace.  The  success  of  a semiconductox  suppliex  in  building  a laxge 
commexcial  catalog  of  \oaxts  and  in  stimulating  a host  of  second  souxee 
suppliexs  will  assuxe  longevity.  In  a successful  technology,  evolutionaxy 
txansitions  occux  which  lengthen  the  life  of  the  technology.  An  example 
of  evolutionaxy  txansitions  is  the  shift  in  CMOS  technology  fxom  metal 
gate  to  silicon  gate  to  sapphixe  substxates . This  evolutionaxy  pxogxes- 
sion  should  be  welcomed  since  it  will  extend  the  use  of  the  basic  logic 
technology  fox  five  to  ten  yeaxs  ox  longex,  and  will  not  impact  equipment 
designs  as  sevexely  as  might  a moxe  basic  technological  shift. 

Avionics  equipment  designs  should  be  implemented  in  bxoad- 
based  technologies  at  the  beginning  of  theix  pxoduction  cycle  in  the 
semiconductox  industxy.  Examples  of  technology  to  be  considexed  fox 
cuxxent  applications  axe  bulk- CKOS  silicon  gate,  CM OS/SOS,  I^L,  and  CCD; 

< o 

as  opposed  to  considering  RTL,  VTL,  T L,  and  othex  incxeasingly-obsolete 
technologies  which  may  still  be  in  pxoduction  at  some  vendors  and  which 
axe  used  extensively  in  operational  military  systems  designed  a decade 
ago. 
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(fciestlon  #?:  How  should  NAVAIR  protect  Itself 
fro*  the  ever-increasing  problem  of  devices/ 
technologies  thet  become  obsolete  (unprocureblt) 
during  the  operational  life  of  avionics 
equipment? 

designs  should  be  evolved  encouraging  system  partition  on 

a functional  basi 6 so  that  new  techno  logins  c an  be  introduced  In  a plug 

compatible  farm  at  the  module  level.  Examples  Mould  be  random  access 

2 

memory  modules  which  can  evolve  from  T L to  NhiOS  technologies  on  a plug 
compatible  basis. 

* * * 

12.  Where  highly  specialized  or  particularly  unusual  circuit 
functions  axe  required,  additional  volumes  o f pasts  should  be  procured 
and  stored  fax  future  use.  This  appxoach  assuxes  the  least  cost  fax 
pxoviding  a bach-up  xesexve  fax  future  needs  due  to  the  batch  pxocessing 
and  production  techniques  employed  by  the  semiconductox  manufacturer. 

* * * 

13.  a.  Pxocess,  pxocuxe,  and  stoxe  alt  \oaxts  needed  fax  the 
Ufa  of  the  equifjment. 

b.  Buy  faom  vendoxs  who  stxess  upward  compatibility  fax 
such  products  at  microprocessors  and  memories. 

* * * 

14.  The  reason  that  devices  become  obsolete  is  simply  that 
they  become  unprofitable  to  manufacture.  If  the  processes  and  the  designs 
belonged  to  NAVAJR,  the  procurement  would  always  be  possible,  although 
perhaps  expensive.  An  alternative  would  be  to  pxocuxe  all  devices  at  once 
and  stockpile  them.  When  the  stockpile  ran  out,  a redesign  would  become 
necessary.  HoweveA,  NAVAIR  would  be  able  to  purchase  initially  in  quan- 
tities large  enough  to  attract  suppliers,  which  would  result  in  attractive 
prices. 

A second  alternative  would  be  to  use  a technology  which 
is  less  likely  to  become  obsolete.  One  example  is  CMOS/SOS,  which  is  not 
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presently  used  to  any  extent  co mere laity , but  i 6 supponted  by  a great 
many  system  houses  for  internal  use.  While  SOS  chip s axe.  very  expensive 
by  commercial  standards , they  axe  not  an  important  paxt  of  the.  cost  of 
the  systems  In  which  they  axe  used.  The  existence  of  a relatively  large 
numbex  o f firms  which  have  committed  thii  technology  to  militaxy  and  com- 
mercial systems  that  can  be  expected  to  have  long  life  sixins  pxacticaliy 
assures  that  the  technology  will  be  available  i far  a reasonable  length  of 
time. 

The  profit  ii  not  in  the  chips,  but  in  the  systems  which 
use  them.  Therefore,  there  is  much  less  incentive  to  abandon  the  tech- 
nology fax  another  which  would  require  a very  expensive  system  redesign. 

* * * 

75.  For  custom  LSI  circuitry,  limited  avenues  exist  far  insur- 
ing long-term  availability  of  parts.  Initially,  develojoment  of  multiple 
sources  cajxLble  o f satisfying  the  device  function  should  be  established. 
Normally  this  will  require  some  assurance  on  the  manufacturer's  behalf 
that  these  functions  may  ultimately  be  effective  in  the  commercial  market. 
A special  protection  could  also  include  design  disclosure  documentation 
of  sufficient  detail  to  insure  thay  any  reputable  company  could  produce 
the  device  even  after  the  original  company  has  lost  interest  due  to 
economic  considerations. 

Stockpiling  to  cover  the  total  projected  usage  of  the 
devices  is  an  expected  approach  but  suffers  from  the  aging  effects  of 
stored  devices,  the  storage  costs,  investment  dollars,  inventory  taxes, 
and  the  vagaries  of  predictions  xegarding  needs. 

* * * 
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Que^tlw  #t:  Mom  should  hMftflt  protect  Itself 
fro*  the  ever-increasing  probla«  of  devices/ 
technologies  that  become  obsolete  (unprocurable) 
during  the  operational  life  of  avionics 

equipment? 


16.  WAl/AIR  should  issue  a written  document  covering  standard 
LSI  modules,  one  provision  of  which  could  be  a requirement  far  notifica- 
tion  prior  to  ceasing  production  on  a given  module.  WAl/AIR  could  thus 
Atockpile  adequate  replacement  moduleA  to  laAt  the  lifetime  of  uAing 
equipmentA . 


* * * 

17.  PantA  which  are  incorporated  into  new  deAignA  Ahould  be 
manufactured  with  LSI  processes  which  are  mature  and  will  not  be  obso- 
leted  Aoon.  There  proceAAeA  Ahould  be  manufactured  by  more  than  one 
Aemiconductor  AuppUer.  In  the  event  that  a product  is  to  be  obAoleted, 
detailed  design  and  proceAA  data  can  be  obtained  and  retained  in  bonded 
Atorage. 


IS.  No  comment. 


* * * 


* * * 

19.  Wafer  Atorage  is  the  obviouA  Aolution. 

• * * 

20.  The  queAtion  implieA  that  this  occurs  on  a faequent  baAiA. 
There  are  many  factors  involved  in  the  selection  o f parts,  and  it  is  very 
difficult  to  isolate  any  single  item  as  the  cause  far  selection  of  very 
specialized  parts.  To  minimize  the  risk  of  implementing  parts  into  a 
design  which  later  becomes  non- pro  curable,  minimum  requirements  should  be 
established  far  equipments  at  the  beginning  of  the  program  and  packaging 
restrictions  Ahould  be  as  reasonable  as  possible.  This  will  help  avoid 
use  oi  specialized  components  which  have  a high  tendency  to  become  obso- 
lete, particularly  when  business  is  expansive.  Unfortunately,  with  minia- 
tuM.zatron  we  continuously  keep  asking  far  more  and  more  functions  within 
less  space,  resulting  in  less  use  of  standard  functions. 


* * » 
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C.  Question  #3:  Faced  with  an  ever-decreasing  market  life  cycle 
for  semiconductor  devices/technologies,  how  are  the  commercial/industrial 
producers/customers  dealing  or  going  to  deal  with  device  obsolescence? 

Highlights: 

The  following  items  were  the  predominant  answers  given  to 

this  problem: 

• Functional  partitioning  and  modularization 
(the  most  frequent  response). 

• Shorter  product  life  cycle. 

• Strong  internal  standardization  program. 

• Plan  for  product  technology  upgrades. 

• In-house  LSI  capability. 

Industry  Replies: 

1.  It  is  ouA  opinion  that  with  LSI  we  have,  a much  diHenent 
situation  ( not  neanly  as  cnitical)  than  we  did  in  discnete  products.  By 
this  we  mean  that  within  LSI  thene  will  be  a Mainly  Limited  numben  o i 
technologies,  well  understood,  iutliy  developed,  and  in  most  cases  neadily 
available.  So,  even  ii  a pa.Atte.ataA  product  toeAe  to  be  deactivated  ion  a 
peniod  oi  time  ( not  pnoduced]  it  would  be  iainly  easy  to  neactevate  the 
technology,  speciiic  device  masks,  and  iabaication  techniques  to  nespond 
to  a nepeat  demand  aiten  a iain  amount  o i time  has  lapsed. 

* • * 

2.  In  the  cormencial  secton,  technological  obsolescence  is 
being  met  by  simply  shortening  the  pnoduct  Hie  cycle.  Just  tny  to  buy 
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Question  #3:  Faced  with  an  ever-decreasing 
market  life  cycle  for  semiconductor  devices/ 
technologies,  how  are  the  coam»rc1a1/1ndustr1al 

Oroducers/customers  dealing  or  going  to  deal  ^ 

■1th  device  obsolescence? 

a spare  far  a ten- year  old  washing  machine..  I believe  that  it  would  be 
co At  elective  for  military  electronic  equipment  also  to  xeduce  the  opera- 
tional  tifa  cycle  from  an  average  of,  twenty  years  to  a ten-yeax  period, 
which  corresponds  moxe  closely  to  the  majox  technology  cycle A. 

* * « 

3.  device  obsolescence  in  the  commercial  area  will  certainly 
take  place  in  a three  to  six-year  time  frame.  The  commercial  area  will 
need  to  continually  update  their  circuits  and  systems  with  new  parts  of 
greater  complexity  which  offer  more  functions  in  the  same  chip  area,  ox 
redesigning  the  same  circuit  functions  into  a smaller  chip,  which  means 
that  the  new  design  should  offer  a cost-savings  approach.  This  has  been 
the  normal  evolution  oft  products  in  the  commercial  semiconductor  field. 

* * * 

4.  The  answer  to  device  obsolescence  in  connection  with  com- 
mercial and  industrial  customers  is  out  of  my  direct  experience,  but  from 
my  observations  the  equipment  has  been  becoming  obsolete  as  fast  or  faster 
than  the  componentry  therein  ( i.e .,  the  pocket  calculator) . Additionally, 
from  the  financial  reports  and  business  articles  in  recent  years,  some 
commercial  firms  have  not  coped  with  this  very  well. 

* * * 

5.  We  have  a strong  internal  standardization  program  which 
requires  multiple  sourcing,  thereby  increasing  the  probability  that  we 
have  selected  a technology  which  will  have  maximum  Ufa  cycle. 

* * * 

6.  Redesign  the  electro yic  assemblies  as  required  to  meet  the 
necessary  functional  requirements  with  current  state-of-the-art  devices. 

A coi-t  incentive  for  effective  redesign  could  be  implemented.  Also,  close 
liaison  between  the  IC  industry  and  assembly  suppliers  can  forecast 

68 


NAC  TR-2221 


Question  #3:  Faced  with  an  ever-decreasing 
market  life  cycle  for  semiconductor  devices/ 
technologies,  how  are  the  coamierclel/lndustrlal 
producers/customers  dealing  or  going  to  deal 
with  device  obsolescence? 

Industry  trends  early  so  that  the.  true  impact  can  be  evaluated  and  collec- 
tive action  may  be  Initiated  well  In  advance  oh  an  IC  vendor’s  actual 
change  oi  decision  to  no  longei  supply  the  device. 

* * * 

7.  We  lecommend  that  the  Navy  modify  its  h°eus  away  hfwm 
device s,  and  towaid  the  page,  cold,  oi  box  level.  By  speclhylng  hunciionA 
and  perhormance  at  a level  beyond  the  device  level,  the  Navy  can  purchase 
hunctionatly  equivalent  pages  oh  "black  boxes"  Independent  0($  the  compon- 
ent technology  upon  which  they  aie  based. 

* * * 

8.  Co mmeicial/ Indus tlial  useis  oh  miciocilcuits  have  slgnihl- 
cantly  shorter  pioduct  development  cycles  as  well  as  ploduct  llhe  cycles. 
They  also  plan  ho*  pioduct  technology  upgrade*  within  the  product  llhe. 

* * * 

9.  device  obsolescence  In  the  commercial /industrial  equipment 
is  more  readily  accepted  as  a way  oh  doing  business  than  it  is  in  the 
military  world.  It  must  be  remembered  that  the  commercial/ industrial 
producers / customers  direct  device  obsolescence  through  their  economic 
purchasing  power  and  that  the  semiconductor  industry  only  h°Hows  their 
wishes.  The  commercial  market  "demand"  brought  on  the  LSI  revolution. 

The  market  llhe  cycle  oh  these  LSI  devices  will  be  a h unction  oh  market 
demand.  Equipment  manuhacturers  will  be  developing  their  own,  lh  not 
Navy,  standard  hunctlonal  assemblies  to  allow  masking  oh  LSI  technological 
evolution  in  LSI  technology.  This  approach  ahhords  the  greatest  potential 
hor  technological  transparency.  In  many  areas,  no  attempt  will  be  made 

to  prevent  obsolescence.  In  Acme  areas  an  upward/ downward  compatible 
philosophy  will  be  attempted.  An  example  might  be  the  automobile  engine 
controllers  being  Introduced,  in  which  hectares  may  be  added  or  improve- 
ments made,  but  where  a controller  hor  a 1985  automobile  might  be 
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Question  #3:  Faced  with  an  ever-decreasing 
market  lift  cycle  for  semiconductor  devices/ 
technologies,  how  are  the  conmerclal/lndustrlel 
producers /customers  dealing  or  going  to  deal 
with  device  obsolescence? 


required  to  control  a 19  SO  car.  Thu  upgrade  oh  the.  SOSO  homily  to  an 
S04S  is  an  example  oh  the  philosophy.  Mafee  a single  chip  do  the  (j junction 
oh  several  chips  but  keep  the  overall  hanction  perhormed  compatible. 

* * * 

10.  Device  and/ da  technology  obsolescence  In  the  commercial! 
Industrial  market  Is  mostly  a matter  oh  tittle  concern  to  the  device 
manuhacturers  themselves . The  dilemma  hor  the  end  user  created  by  the 
sadden  disappearance  oh  a device  Is  largely  relieved  by  "replacement 
houses"  such  as  Sprague , Sylvanla,  Motorola- HEP,  RCA-SK,  plus  numerous 
other  small  name  houses  mainly  handling  devices  h'LOrn  any  place  they  can 
obtain  them  to  cover  the  customer's  needs.  Replacements  may  require 
"cuts  and  jumpers"  or  replacement  oh  an  assembly,  or  both.  New  Improved 
products  ohten  replace  older  models  which  are  discarded  rather  than 
repaired. 


Extremely  complex  devices  are  not  being  covered  unless 
the  users  ( manuhacturers ) undertake  the  sourcing  themselves , either  by 
developing  In-house  hacilltles  or  by  contracting  with  custom  houses  to 
provide  the  device  (assuming  the  end  product  justlhles  continuing) . 

There  appears  to  be  some  evidence  that  large  users  some- 
times do  this  Initially  to  protect  proprietary  Inhormatlon.  In  doing 
so  they  can  also  procure  suhhlelent  quantities  to  protect  their  needs. 
Many  "house  numbers"  hall  Into  this  category.  When  the  equipment 
manuhacturer's  supplies  are  exhausted  (assuming  they  no  longer  manuhac- 
ture  the  product),  the  customer  -is  pretty  much  out  In  the  cold. 

• • « 

11.  Commercial/ Industrial  producers  /customers  are  haclng  the 
ever- decreasing  market  lihe  cycle  i hor  semiconductor  devices /technologies 
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Question  #3:  Faced  with  an  ever-decreasing 
■arket  life  cycle  for  semiconductor  devices/ 
technologies,  how  are  the  comnerclal/ Industrial 
producers/customers  dealing  or  going  to  deal 
with  device  obsolescence? 


by  going  to  shorter  system  design  eyelet,  and  faster  product  obsolescence, 
and  also  by  designing  system  architecture*  that  allow  upgrading  of  module* 
at  the  subsystem  level  to  incorporate  new  device*  and  technologies . For 
example,  memory  subsystem  design*  have  evolved  fr om  the  use  o f IK  RAMs  and 
aAe  now  progressing  to  16K  and  64K  memories  without  requiring  eomplete 
system  revision. 

In  addition  to  the  upgrading  of,  memory  systems  by  the  use 
of  higheA  density  memory  deviee s,  the  system  designers  axe  making  expanded 
use  o 6 architectures  that  include  programmability  by  the  use  of  micropro- 
cessor based  designs  and  ROM  logic  matrices . The  flexibility  afforded  by 
designing  systems  to  that  they  can  be  modified  to  incorporate  improved 
algorithm*  and  additional  functions  results  in  prolonged  equipment  useful- 
nex s and  deal*  with  device  obsolescence  in  a positive  fashion. 

However,  moit  commercial / indux trial  producer* / cuxtomerx 
have  significantly  higher  unit  volume  requirement*  than  are  characterixtic 
of  most  military  programs.  This  higher  unit  volume  allows  an  earlier 
transition  to  the  new  technologies  since  the  system  redesign  cost  penalty 
is  spread  over  many  more  unit*.  Military  agencies  will  there  fare  have  to 
look  at  the  use  of  system  architecture*  that  allow  system  performance  up- 
grading capability.  Such  upgrading  capability  can  be  built  into  systems 
by  the  use  of  an  initial  design  which  incorporate * device*  that  provide 
" overkill " capability  far  the  requirement  at  hand.  In  the  long  run,  how- 
ever, such  a design  will  allow  the  equipment  to  evolve  to  meet  expanding 
requirements.  One  example  of  such  an  approach  is  the  development  of  a 
bit-slice  microprocessor  in  the  CMOS/SOS  technology  that  can  be  configured 
into  processor*  with  8,  16,  24,  32-bit,  or  even  longer  word  length*.  In 
addition  to  the  flexibility  of  word  length,  these  device*  can  be  operated 
at  speeds  from  static  operation  to  clock  rates  greater  than  10  MHz.  The 
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Question  #J-.  Faced  with  an  ever-decreasing 
werket  life  cycle  for  seal  conductor  devices/ 
technologies,  how  ere  the  covwierclal/lndustrlel 
producers/cus toners  dealing  or  going  to  deal 
with  device  obsolescence? 


design  also  allows  for  the  processor  to  be  u t>ed  with  Special  Function 
Devices  such  a*  a high  -speed  multiplier  ok  a.  fast  Fourier  transform  cir- 
cult.  The  ability  to  opeKate  such  CMOS  Ays  terns  over  a power  supply  Kange 
from  5 to  IS  volts  permits  satisfying  a Kange  of  power  consumption  and 
speed  requirements  and  InteK facing  with  a vaKlety  of  non-CMOS  peKlpheKal 
clKcults . 

* • * 

12.  L'Jlth  the  pervasiveness  of  electronics  continuing  to  expand 
Into  new  fields,  we  envision  at  least  two  types  0(5  system  KequlKements. 
One  Is  the  InnovatoK  whose  objective  Is  to  get  to  market  quickly  with  a 
product  which  by  design  will  have  a relatively  short  life  cycle;  second 
Is  the  user  who  has  equipment  complexities , capital  Investment,  and  reli- 
ability requirements  that  dictate  that  he  select  technologies  which  will 
drive  longer  life  cycles  by  commitments.  An  example  of  the  first  case 

is  TV  games,  and  of  the  second  is  communications . Since  cormerclalf 
Industrial  producers  are  the  volume  consumers  In  i 'day's  market,  the 
military  must  be  aware  of  the  commercial  user  who  has  similar  objectives , 
and  utilize  that  business  base  and/or  make  decisions  which  will  provide 
the  commitments  to  dictate  life  cycle.  For  example,  Minuteman  ICs  have 
been  In  production  for  more  than  ten  years. 

* * * 

13.  a.  Really  large  users  make  their  own  ICs.  They  then 
choose  when  to  stop  production. 

b.  Design  for  form- fit- function,  then  replace  old  tech- 
nology with  a chip  which  Is  functionally  (timing,  voltage,  current,  etc. ) 
acceptable. 
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Question  #3:  Faced  with  an  ever-decreasing 
market  life  cycle  for  semiconductor  devices/ 
technologies,  how  are  the  conwtTtlel/ Industrial 
producers/customers  dealing  or  going  to  deal 
with  device  obsolescence? 

c.  Producers  oi  Limited  ptiodu.cXA.on  items  ii nd  It  easy  to 
Hve  with  changing  IC  technology  because  they  issue  new  models  each  year 
ii  necessary. 

d.  Hake  all  patits  you  need  prion  to  shutting  down  an  I C 
technology  line. 

e.  Plan  ion  upwatid  comjoatibility  ( i.e .,  mictioptiocessoti 

soitwane) . 

i.  Stay  with  proven  technologies . 

* * * 

14.  By  paying  deadly  ion  the  devices  on  tiedesigning.  Generally 
co tmeticial/ industrial  customers  do  not  require  HI L-speciiication  devices, 
theneione,  devices  one  available  in  small  quantities  ion  a much  longen 
time.  As  long  as  thene  is  a need  ion  quantities  oi  devices,  although 
they  may  be  technologically  obsolete,  someone  will  manuiactune  them. 

* * * 

15,  We  oi  e militany  gnade  pants  exclusively,  and  theneione 
cannot  knowledgeably  addness  Hie  question  exactly.  The  inienned  pnoblem 
does  extend  to  u sens  oi  militany  gnade  pants,  howeven,  and  is  wonthy  oi 
comment. 

Considering  the  long  development  cycles  and  the  myopia 
neganding  expected  Hie,  it  is  almost  impossible  to  design  and  build  mili- 
tany systems  without  spanning  several  Semico nducton  technology  Hie  cycles. 

It  is  observed  that  this  pnoblem  is  neduced  by  continuing 
to  introduce  improved  hardware  segments  embodying  the  current  technologies 
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Question  #3:  Face d with  an  ever-decreasing 
market  life  cycle  For  semiconductor  devices/ 
technologies,  how  are  the  commercial /Industrie! 
produce rs/cus tome rs  deal  I'm  or  going  to  deal 
with  device  oUolMc«nce? 

[l.e.,  nepLacement  of  modules  on  AubAyAtemA  tihlch  ate  fonm- fit- function 
Intenchangejxble  tilth  olden  item).  Th. it.  Imp  Lie  a continuing  design  thnouugh- 

out  the  Life  of  the  pnaduct. 

* * * 

16.  No  comment. 

* * * 


17.  Many  deAlgnA  can  be  pantltioned  Auch  that  cnltical  pantA 
can  be  neplaced  tilth  pnoductA  fnom  new  pnoceAAe A tilth,  a minimal  amount 
of  nedeslgn.  The  ultimate  limitA  of  the  pnoeeAA  chanactenlAtlcA  one  not 
designed  to  in  moAt  coaca ; thlA  makeA  neplacement  tilth  a dlffenent  tech- 
nology impoAAible. 

* * * 


IS.  No  comen t . 

* * * 

19.  OJafen  Atonage  Ia  the  Aolutlon. 

* * » 

20.  Employ  aA  much  Atandand  handwane  oa  poAAible  uAing  cuAtom 
LSI /hybild  deolceA  only  m/ie'ie  CAAential  to  meet  A)Mce/ticight/penfonmance 
conAidenationA . In  tlilA  may  the  poAAibllity  of  obAoleAcence  tilll  be 
minimized.  Whene  device  obAoleAcence  docA  ocean  it  tilll,  aA  in  the  pant, 
have  to  be  addieAAod  on  an  individual  baAiA. 

* * * 
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D.  Question  #4:  How  should  complex  LSI  devices  be  specified  to 
insure  adequate  performance,  and  assure  quality  and  reliability? 

High! ights : 

There  was  a deqree  of  consensus  on  the  following  suggestions 

• Place  more  emphasis  on  functional  device 
specifications  and  testing  (at  the  device 
terminals),  not  on  internal  architectural 
requirements. 

• Qualification  should  emphasize  device 
family  and  process  certification. 

• LSI  devices  should  be  stressed  electri- 
cally to  augment  visual  inspection. 

• Specify  reliability  and  testing  means. 

• Make  provisions  to  include  LSI  devices 
under  MIL-M-38510. 

Industry  Replies: 

1.  Part  of  the  answer  to  this  question  resides  In  the.  method 
of  fabrication.  It  is  our  opinion  that  during  fabrication,  a great  deal 
o f attention  should  be  directed  to  verification  of  the  functionality  of 
the  basic  building  blocks  that  are  utilized  in  each  LSI  circuit.  IL&e  of 
test  patternA  on  the  wafer  through  fabrication  steps  mill  give  assurance 
that  the  target  iA  being  or  haA  been  met  for  each  constituent  part  of  the 
circuit.  Once  this  determination  has  been  made,  the  die  should  be  pack- 
aged, and  pomer  exercised  followed  by  similar  component  verification  teAts 
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Question  14:  How  should  complex  LSI  devices 
be  specified  to  Insure  adequate  performance, 
and  assure  quality  and  reliability? 


to  determine  degradation  effects,  If  any.  Provide  a reasonable  amount  of 
package  integrity  tests  to  assure  a match.  of  die  and  package.  These  having 
been  met  will  provide  a qualify  product  with  the  attendant  reliability 
realized. 


* * * 

2.  By  circuit  diagram,  truth  table,  on  transfer  function, 
dynamic  and  static  clncult  specifications  oven  tempenntune  nange,  test 
programs,  and  pln-out. 

* * * 

3.  No  comment. 


user. 


* * * 

4.  Specification*  should  be  left  to  the  manufactunen  and  first 

* * * 


5.  Use  the  existing  system,  coondlnatlng  thnough  VESC.  If 
the  device  Is  a custom  LSI,  pnepane  a sounce  contnol  drawing  and  coordl- 
nate  penfonmance  nequlnements,  scneenlng,  and  quality  neqalnements  with 
usens  and  manufactunen*. 

* * * 

6.  It  will  be  necessany  to  Include  LSI  devices  unden  MIL-M- 
38510  covenage,  but  It  Is  necessan.y  to  keep  the  electnlcal  penfonmance 
nequlnements  specified  as  maximum  and  minimum  nathen  than  typical.  Also, 
thene  Is  a need  fon  Industny  and  Govennment  agneement  on  standand  testing 
appnoaches  and  nellablllty  enhancement  techniques  and  methods. 


* * * 


7.  Prom  the  viewpoint  of  mlcnopnocesson  ( high  function ) 
components , It  Is  Impnactlcal.  to  specify  " delay  paths,"  on  gate-level 
reactions  and  penfonmance.  As  an  alternative,  the  device  may  be  tested 
bit  subdivision  of  Its  functional  elements  (that  Is,  registers,  Arithmetic 
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Logic  Unit,  instAuction  decodeA,  etc.)  Each  block  mold  be  exeAcised  fAom 
the  level  o^  simplicity  to  the  level  of  complexity,  by  lining  the  device' 6 
own  instAuction  set  to  ■stimulate  each  afica.  Only  afteA  one  functional 
block  ha*  been  tested  could  it  be  used  as  a peAfoAmance  "window"  foA  a 
subsequent  block.  The  sum  of  these  element  tests  would  equal  a full 
functional  test. 

PeAfoAmance  testing  simply  exeAcises  the  functional  block  oa 
blocks  ( using  the  appAopAiate  anea  of  the  pAogAai n developed  pAeviously)  to 
stimulate  and  cause  the  delay  of  inteAest  to  occua,  and  thus  be  measuAed. 
This  test  is  Aepeated  foA  the  voltage  extAemes,  and  ovca  the  militaAy 
tempeAatuAe  Aange  of  -55 °C  to  +125°C  junction  tempeAatuAe. 

The  Aesutts  of  this  testing  yield  a pAocuAement  specification 
which  AcflecXs  peAfoAmance  testing  at  the  AequlAed  junction  tempeAatuAes . 

Static  input/ output  tcAminal  paAometcAS  of  complex  LSI 
devices  should  be  specified  to  minimum  acceptable  limits  oveA  the  device 
junction  tempeAatuAe  Aange  of  inteAest.  Specifically , paAomeXeA  limits 
should  be  specified  at  the  device  junction  tempeAatuAes  0|$  -55°C,  25 °C, 
and  IZ5°C  foA  gencAal  avionics  applications . 

The  dynamic  peAfoAmance  chaAacteAistics  of  complex  logic 
type  LSI  devices  should  be  specified  foA  maximum  acceptable  limits  at  25°C 
device  junction  tempeAatuAe  at  specified  loading  conditions . These  limits 
should  be  set  close  to  the  delays  measuAed  on  a Aealistic  sampling  of  pAo- 
ducXion  lots  [say  5 to  10).  The  optimum  setting  of  these  limits  should  be 
set  by  the  tnade-off  of  yield  and  cost.  It  should  be  necessaAy  to  specify 
only  selected,  easily  testable  paths  thAough  the  LSI  device.  SimilaA 
limits  on  the  selected  paths  should  be  deteAmined  foA  the  extAemes  of 
junction  tempeAatuAe  of  inteAest. 
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The  above  specification*  should  be  imposed  as  bottom:  100 % 
scAeening  foA  static  terminal  paxametex*  at  tknee  junction  tempexatuxes , 
100 i scxeening  for i dynamic  pexfoAmance  at  25 °C  junction  tempexatuxe,  and 
sample  scxeening  of  dynamic  pexfoAmance  at  junction  tempexatuAe  extxemes . 

The  majoA  change*  that  should  be  incoApoAated  to  insuxe  the 
quality  and  Aeliability  o f complex  LSI  device*  axe: 

a.  Develop  a mean*  o f *tAe**ing  the  device  electrically , to 
augment  the  u*e  of  a pxe- encapsulated  visual  examination.  A g^.04A  vi*ual 
inspection,  while  being  adequate  fox  gAo **  pAoblem*  *uch  a*  bond  integAity 
and  contamination,  cannot  Aeveal  *ubtle  defect*  that  an  eiectxical  *tAe** 
Mould  identify. 

b.  Place  moAe  emphasis  on  functional  testing  and  a high- 
*tAes*  italic  buAn-in  of  the  device. 

• * * 

8.  ThcAe  is  no  iimple  ansioeA  to  this  question.  The  ansurex 
depend*  on  many  factoxs  iuch  a*  the  application,  the  circuit  type,  and 
the  economic * of  the  iituation. 

Foa  example,  foA  tho*e  application*  which  xequixe  the  high- 
est degAee  of  Aeliability  ( *uch  a*  itxategic  iystem*) , baselining  might 
be  the  answex.  Howevex,  foA  custom  LSI  cixcuits  in  a less  than  itxategic 
environment,  a combination  of  pAoces*  contAols  plus  a paxametAic  and 
functional  paxt  specification  which  meet  the  system  need*  [and  no  moAe ) 
might  be  the  best  choice.  FoA  standaAd  LSI  cixcuits,  such  as  memoAy  and 
micxo pAoces  so  as  , pAesent  MI L-H- 38510  oa  equivalent  specification*  axe 
moAe  than  adequate.  In  fact,  some  Aethinking  of  MI L-STV-883  and  MIL-M- 
38510  in  light  of  the  LSI  need*  might  be  in  oAdex.  This  is  especially 

txue  in  the  axea  of  visual  cxiteAia. 

» « • 
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Question  #4:  How  should  conplex  LSI  devices 
be  specified  to  Insure  adequate  performance, 
and  assure  quality  and  reliability? 


9.  LSI  specifications  should,  neflect  tenminal  peAfonmance 
nequinements , not  intennal  anchitectuAal  Aequinements . Knowledge  of  the 
intennal  won. kings  of,  an  LSI  Mich,  as  that  necessany  to  do  single,  gate.  fault 
testing  may  become  less  impontant  as  a test  philosophy  fon  LSI  evolves. 

It  is  aZneady  pnohibitiveZy  costly  in  some  cases  to  test  an  LSI  exhaust- 
ively. As  devices  inenease  in  complexity  to  l/LSl,  tenminal  penfonmance 
testing /specifications  (that  is,  testing  fon  the  function  nequined  in  a 
specific  application ) may  be  the  only  pnactical  test  method. 

As  micnocincuit  complexity  ineneases,  it  becomes  mone  diffi- 
cult to  penfonm  cost  effective  quality  and  neZiability  tests  (e.g.,  visual 
inspection,  complete  100 % eZectnicaZ,  etc.)  Neio  quality  and  neZiability 
tests  should  be  investigated  and  implemented  into  the  militany  specifica- 
tion system,  MTL-M-385J0/MTL-STD-SS3  le.g.,  as  High  Tempenatune  Accelenation 
Test,  Guand  Band  Testing  at  above  noted  voltages).  A study  is  needed  in 
the  effectiveness  of  static  bunn-in  vs.  dynamic  bunn-in  fon  LSI  devices. 

* • * 

10.  The  pnincipal  concenns  of  the  usen  one: 

a.  Functionality  (tnuth  table  and  input/output 
chanactenistics  ) 

b . Speed 

c.  Reliability 

Items  a and  b can  be  specified,  wheneas  item  c nequines 
both  a histony  of  the  quality  of  the  specified  vendon  and  some  shake/bake/ 
life  testing  ivhich  may  be  possible  to  be  specified  to  a limited  extent. 
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In  general,  as  device,  complexity  increases,  each,  manufac- 
turer of,  a given  device  must  develop  h is  oum  "worst  case"  electrical  tests 
for  hiA  particular  die  geometry,  which  cannot  be  specified  by  the  user. 

Alio,  ai  device  complexity  increases,  iome  form  of  electri- 
cal testing  must  be  used  to  replace  at  least  iome  of  the  visual  inspections . 
Government  on-site  verification  of  quality  procedures  at  the  facilities  of 
device  manufacturers  could  replace  iome  details  in  specifying  quality  pro- 
cedures, and  also  reduce  the  cost  of  Incoming  Inspection  test  equipment  at 
the  user  site,  which  becomes  very  expensive  for  complex  and  highly 
specialized  devices. 

* * * 

11.  Current  practice  is  to  develop  MI L-M- 38510  data  sheets  for 
catalogue-type  LSI  devices.  This  approach,  together  with  the  use  of  n.w>pon- 
sible  vendors,  assures  quality  and  reliability.  However,  this  approach 
impedes  both  the  early  introduction  of  new  LSI  devices  into  system  appli- 
cations and  the  development  of  custom  LSI  devices. 

The  long  and  arduous  effort  to  generate  MIL-M-3S510  data 
sheets  needs  to  be  tailored  so  that  the  cycle  for  approval  formalization 
can  be  reduced  to  a minimum.  Custom  LSI  devices  need  to  be  qualified  by  a 
combination  of  family-based  history  and  production  line  certification  in- 
stead of  the  present  need  to  qualify  each  type  in  the  family.  This  is  par- 
ticularly important  to  military  programs  having  low  volume  requirements, 
where  the  cost  of  parts  qualification  can  seriously  impact  equipment  cost. 

• • • 

12.  Complex  LSI  and  VLSI  circuits  must  be  specified  in  a way 
that  will  insure  their  function  under  operating  conditions . Added  tests 
should  then  be  selected  to  exercise  the  part  as  much  as  practical,  which 
will  be  a tradeoff  of  cost! test  time  vs.  statistical  probability  of  failure 
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Question  #4:  How  should  conplex  LSI  devices 
be  specified  to  Insure  adequate  performance, 
end  assure  quality  and  rel lability f 


( not  practical  to  tut  all  structures  and  all  possible  failure  modes].  F ok 
optimum  quality  and  reliability  performance,  make,  technology  selections 
where  quality  and  reliability  are  built  into  the  product  utilizing  processes 
that  have  been  on.  will  have  been  in  me  ion.  one  to  too  yean*  and  where  in- 
process  controls  can  he  utilized  to  moniton  the  openation. 

The  tendency  to  demand  advances  in  circuit  speed  as  pant  oi 
new  LSI  device  developments  should  be  suppressed.  Emphasis  should  be  placed 
on  achieving  the  appropriate  level  oi  integration  necessary  to  satis iy 
natural  system  or  subsystem  iunctional  partitions.  Once  the  LSI  device  is 
developed,  then  process  improvements  can  be  deiined  which  can,  through  nor- 
mal evolution,  improve  iunction  speed  ii  required.  This  approach  is  more 
consistent  with  that  i followed  by  commercial/ industrial  organizations  when 
introducing  LSI/VLSI  iunctions  into  products. 

* * * 

13.  a.  Test  at  the  I/O  level  only.  Qualify  a process  (p^ujeeiA 
and  design  rules  such  as  oxide  thicknesses  - minimum  line  separation] , not 
each  device.  Insist  on  being  informed  when  design  rules  or  processes  are 
altered. 


b.  6a rn-in  and  lot  traceability  are  of  questionable  use  and 
should  be  eliminated.  100 % testing  of J MIL-LSI  devices  should  be  done. 

* * * 


14.  No  comment. 

« * * 

15.  Complex  custom  LSI  devices  should  be  specified  as  a system 
with  all  necessary  functional  requirements  included.  Any  attempt  to  specify 
detailed  information  U.e.,  technology,  topology,  etc.]  will  unnecessarily 
restrict  potential  sources. 


81 


NAC  TR-2221 

Due'tlon  «:  Ho»  should  conplts  LSI  devices 
bo  specified  to  Insure  adequate  performance, 
end  assure  due  I Its  and  reliability? 


Re&t ability,  being  inherent  to  the  design,  should  be  one  of 
the  normal  f unctional  requirements  stated  in  the  specification  and  demon- 
strated during  qualification.  Quality  assurance  requirements  should  be 
carefully  selected  to  insure  that  reliability  and  all  other  requirements 
are  being  met  on  a continuing  basis . 

* * * 

16.  No  comment. 


* * * 

17.  Performance  can  be  specified  by  defining  the  I/O  charac- 
teristics in  detail,  specifying  timing  information,  and  including  logic 
simulation/ truth  table  information. 


IS.  No  comment. 


* * * 


* * * 

19.  The  simulation  programs  written  to  define  system  perform- 
ance should  be  the  basis  for  specifying  LSI  component  performance  in  the 
form  of  a source  program  tape  which  exercises  all  functions,  but  not 
necessarily  every  step  in  a truth  table. 


Quality  and  reliability  are  satisfactorily  covered  by  MI L-M- 
38510  and  MI L-STV- 883  plus  programs  in  progress  at  RAVC/RBRM  to  upgrade 
these  documents  for  LSI. 

• • » 

20.  The  devices  should  be  completely  characterized,  as  was  done 
by  RAVC/USAT  on  the  Intel  8Q80A  covered  by  MI L-M- 3851 0/420.  Concurrent 
with  such  efforts,  associated  hardware  should  also  be  developed.  In  the 
case  of  the  8080  microprocessor,  the  associated  interface  circuits  also 
require  military  documentation,  but  this  effort  has  lagged  the  development 
of  the  / 420  Specification. 

* * * 
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E.  Question  #5:  How  can  LSI  device  qualification  and  requalification 
be  accomplished  at  reasonable  costs? 

Highlights: 

The  following  items  predominate  the  answers  provided  to  this 

question: 

• Qualify  and  monitor  the  vendor's  process. 

• Qualify  a library  of  standard  cells  and 
design  rules  used  in  a computer-aided 
design  system. 

Industry  Replies: 

1.  In  our  opinion,  the.  rules  which  have  been  written  governing 
the  testing  of  limited  u sage  ( usually  expensive)  integrated  circuits,  now 
included  in  M1L-M-38510,  should  certainty  be  examined  as  candidates  or 
application  to  LSI  qualification  and  requalification  to  achieve  what  is 
termed  "reasonable  cost."  The  determination  could  be  made  as  to  the  appli- 
cability of  this  suggested  sequence  of  test  and  then  modify  segments  of  it 
to  fit  each  situation.  It  is  a fact  that  we  are  faced  with  a whole  new 
ball  game  and  the  brain  trust  of  the  industry  and  government  should  be 
brought  into  play  to  work  out  the  details  of  this  question.  Presently 
there  are  organized  engineering  committees  within  JEVEC  of  El A addressing 
this  question,  and  we're  sure  they  would  be  responsive  to  a call  for  assist- 
ance to  evolve  a cost  effective  answer. 

* * * 

2.  Qualify  genetically,  utilizing  design  and  construction 
analysis  to  assure  process  identity. 

* * * 
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3.  This  would  be  a difficult  thing  far  NAVAIR  to  do  since  their 
volumes  would  be  mall.  New  designs  would  require  now  testing  set-ups  and 
procedures  specifically  geared  toward  their  circuits.  This  meat is  quite  a 
bit  of  money  to  set  up  the  testing  f acilities  fan  a small  number  of  parts. 
It  might  be  possible  to  requalify  parts  by  using  ", similarity " arguments . 
This  approach  would  allow  then  to  use  existing  test  set-ups  to  test  the 
newer  parts.  However,  this  approach  would  depend  upon  how  different  the 
new  parts  one. 

* * * 

4.  With  understanding  that  an  LSI  device  oven  10,000  equivalent 
circuit  elements  Is  not  10,000  times  mone  likely  to  ( \all  than  a Altigle 
component;  this  too  can  be  accommodated  between  the  manufacturer  and  user. 
The  use  of  test  patterns  to  control  devices  that  are  closely  nelated 
process-wise  can  also  help  requalification. 

* * * 

5.  Use  GIVEP  to  disseminate  qualification  test  data  Information 
to  Industry.  Make  this  a contractual  requirement. 

* * * 

6.  Use  a sliding  on  Inverse  approach.  That  is,  qualify  the  mone 
costly  devices  less  often  and  with  fewer  samples  per  submission.  This 
requires  an  acceptance  of  a somewhat  higher  user  risk  and  also  requires 
vendor  integrity  on  a commitment  to  not  change  his  device  in  any  manner 
which  will  affect  performance  or  reliability . It  would  also  be  necessary 
far  any  contemplated  changes  to  be  thoroughly  evaluated  far  actual  impact. 

» » * 

7.  When  electrically  testing  any  LSI  device  far  performance 
characterizations , a considerable  non-recurring  effort  is  expended  in  ini- 
tial device  familiarization,  test  programming,  and  test  debug.  Recurring 
costs  are  Incurred  In  the  actual  testing  of  the  device  and  accumulation 
and  analysis  of  data. 
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end  requell  fleet  ion  be  accoaipl  Ished  at 
reasonable  costs? 

By  committing  to  using  large-scale  LSI  general  purpose  test 
equipment,  the  Initial  non-recurring  cost  Is  generated  and  saved  In  test 
software  routines.  By  utilizing  this  approach,  requalification  from  an 
electrical/ performance  viewpoint  Is  relatively  Inexpensive.  All  that  Is 
Involved  Is  to  reload  the  test  equipment  with  the  test  software  (via  mag- 
netic tape,  disk,  etc.)  written  earlier,  and  re- test  the  devices.  The 
accumulation  and  evaluation  oft  test  results  will  be  a recurring  expense; 
however,  this  is  relatively  small  compared  to  the  Initial  program  generation 
and  debug.  Without  this  approach,  special  purpose  test  equipment  would  be 
built  for  each  new  devlce--a  very  costl.y  and  time-consuming  approach. 

In  terms  of  environmental  qualification,  the  most  effective 
way  to  qualify  and  requalify  is  to: 

a.  Qualify  a vendor’s  process  (l.e.,  NMOS,  bipolar,  ECL). 

b.  Qualify  a product  of  greatest  complexity  within  that 

process . 

c.  Monitor  the  vendor  for  process  changes  and  quality  con- 
trols; and  when  the  vendor  changes  his  process,  requalify  his  manufacturing 
line. 

* * * 

S.  The  general  consensus  Is  that  wherever  possible,  WAUAIR 
should  rely  more  heavily  on  process,  device,  and  manufacturer' s qualifi- 
cation nather  than  lot  qualification. 

* * * 

9.  Three  categories  of  devices  should  be  considered:  (1)  commer- 
cial LSI,  (2)  quasi- standard,  and  (3)  custom.  For  the  high  volume  commercial 
LSI  such  as  the  SOSO , the  qualification  test  cost  Is  not  unreasonable  when 
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the  number  of  device*  used  it,  considered.  These  co. it*  coaid  be  reduced  by 
insuring  that  MI L-M- 3857  0 *la*h  iheet  parametric  specifications  neglect  the 
exciting  capability  o 5 several  suppliers. 

Qualification  at  the  a**embly  level  will  preclude  very  cost- 
ly  specification  preparation  and  peAfohmance  te*ting  for  quasi- standard  and 
cu*tom  device*.  Manu^ac turer  control  of  material*,  processes,  and  "build" 
documentation " Milt  result  in  repeatable  LSI  device*.  Fat  quasi- standard 
LSI  or  full  cuitom  LSI,  the  u*e  of  process  coupon*  or  TEG s ha*  been  sugges- 
ted.  While  the*e  do  provide  process  tracking,  they  do  not  provide  the 
overall  deiign,  process,  and  packaging  confidence  t citing  that  is  needed. 

The  u*e  of  standard  cell  libraries  ok  otheK  deiign  automation  aid*  which 
could  be  "qualified"  in  s ome  manneK  i*  a pos*ible  appKoach  foK  the  genetic 
ok  full  cuitom  device * . 

* * * 

10.  AfteK  examining  the  device  manufacturer's  test  and  quality 
pKocedutie*  and  ichedule*,  a determination  may  be  made  by  the  u*eK  and 
government  representative * a*  to  the  adequacy  of  these  controls,  and 
improvements  possibly  suggested. 

After  this  i*  accomplished,  generic  qualification  data,  taken 
at  reasonable  intervals  and  with  occasional  monitoring  by  user  and/or  gov- 
ernment personnel,  and  with  "hard  copy"  data  available,  should  satisfy  the 
requirement  of  reasonable  quality  assurance  data. 

Since  custom  LSI  normally  has  very  limited  applications  and 
is  supplied  to  a single  end  item  manufacturer,  the  part  history  during  the 
end  item  assembly,  test,  and  field  operation  could  be  collected  and  used 
to  supplement  the  requalification  requirements.  The  failure  data  generated 
at  device  burn-in  and  end  item  or  system  bum- in  would  provide  early  warn- 
ing 0(5  possible  pending  part  problems. 

* * * 
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11.  LSI  device  qualification  should  be  approached  on  a family 
basis  60  that  each  of  several  device  types  using  the  6a me  production  techno- 
logy can  be  maintained  in  qualified  status  60  long  06  the  production  tine  i6 
actively  building  a few  type6  from  the  family.  Requalification  6hould  be 
required  only  when  a production  tine  ha6  been  discontinued  or  transferred. 

When  a CAP  approach  is  used  ( for  example,  standard  cells  or 
universal  arrays),  the  documentation  (including  tine  qualification  devices) 
can  be  distributed  to  multiple  vendors  and  requalification  can  easily  be 
obtained  at  minimum  cost. 

Another  way  to  reduce  LSI  qualification  cost  is  to  base  LSI 
designs  on  the  use  of  standard  celts  or  universal  arrays  that  have  been 
qualified  on  previous  programs.  Changes  in  the  interconnections  of  such 
approved  cells  are  the  only  change  made  in  revising  the  function  being  per- 
foimed.  This  approach  will  reduce  the  cost  of  qualification  0|$  custom  LSI 
families.  Since  a major  portion  of  qualification  cost  is  associated  with 
the  cost  of  the  devices  used  in  testing,  the  elimination  or  reduction  in 
qualification  testing  on  the  basis  of  similarity  within  the  family  of  devi- 
ces generated  from  a standard  cell  library  would  result  in  substantial  time 
and  cost  savings. 

* * * 

12.  Initial  qualification  tests  can  be  performed  using  conven- 
tional methods  except  where  complexities  may  dictate  electrical  tests  that 
are  more  functionally  oriented  toward  end  use.  Requalification  is  not  as 
effective  as  line  monitoring  through  an  effective  process  control  system 
unless  major  design  changes  occur.  Then  careful  examination  should  be 
made  to  determine  if  requalification  is  required. 

* * * 

13.  a.  Qualify  only  processes. 
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b.  Eliminate  the  requalification  problem  by  procurement  of 
all  needed  devices  early  in  the  program. 

c.  Let  industry  continue  to  qualify  devices  undeA  standards 
set  and  supervised  by  the  military. 

* * * 

14.  Elimination  of,  M1L-N- 38510  except  for  device*  purchased  in 
LARGE  quantities  might  help.  This  is  a very  expensive  procedure.  It  might 
be  better  to  qualify  the  finished  equipment  rather  than  the  individual  parts. 

* * * 

15.  Qualification  of  some  type  is  performed  by  the  manufacturer 
prior  to  introduction  of  a device  technology  into  the  marketplace  as  econ- 
omic insurance.  Characterization  of  an  individual  part  type  within  the 
technology  is  a refinement  applied  to  the  unique  part.  The  knowledge,  and 
data  which  is  generated  from  these  assessments  should  normally  be  suffi- 
cient to  satisfy  all  normal  qualification  requirements . 


Qualification  and  requalification  should  take  maximum  advan- 
tage of  those  tests  which  a manufactLirer  naturally  performs  for  his  own 
economic  self- protection.  This  requires  a more  astute  assessment  on  the 
part  of  the  user,  but  undoubtedly  reduces  overall  costs. 

* * * 

16.  No  comment. 


* * * 

17.  Utilization  of  the  supplier's  standard  test  conditions  and 
performance  requirements  will  reduce  the  non-recurring  test  costs.  Use 
can  be  made  of  test  data  on  similar  parts /processes  to  satisfy  requirements 
for  environmental  tests. 

* * * 
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18.  No  comment. 


19.  No  comment. 


* * * 


* * * 


20.  This  mu  being  addressed  by  RAVC/USAF  du/ung  development  o ^ 
the  MI L-M- 3851 0/420  specification.  Chip  testing  mu  being  consideAed  <u  a 
tAadeoff  foA  the  pAe-cap  visual  inspection  Aequi-Aed  by  MIL-STV-883,  Method 
5004,  due  to  the  complexity  of,  the  device.  RAVC/USAF  should  be  queried  to 
deteAmine  what  conclusions  toeAe  Aeached  in  theiA  1975-  1977  studies  Aeg aAding 
tests! cost  tAadeoffs. 


* * * 
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F.  Question  #6:  Please  comment  on  the  problem  of  testing  complex 
LSI  devices. 

Highlights: 

These  suggestions  found  some  concurrence  among  respondents: 

• Standardize  on  LSI  testing  approaches, 
e.g.,  test  equipment,  interfaces,  test 
software  translators,  etc. 

• Judiciously  select  a critical  nunber 
and  type  of  functional  test  patterns. 

• Build  testing  capability  into  chip  circuitry. 

Significant  problems  cited  in  LSI  device  testing  were: 

• Frequently,  two  vendors  are  not  really 
"transparent"  sources. 

• The  non-recurring  costs  for  writing  LSI 
device  test  programs  can  range  from  6 
months  to  2 man-years. 

• Vendor  test  programs  are  peculiar  to  a 
given  test  machine,  and  they  must  be 
translated  to  the  user's  machine. 

Industry  Replies: 

1.  I if  we  as  an  indu&tny  wene  to  tut  even, y unction  o&  evtny 
LSI  circuit,  then.e  would  probably  be.  veny  6ew  deJU.oen.ed  on  time.  I&  they 
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e 


were  deliverable  on  time.,  they  would  cost  so  much  no  one  would  want  them. 
The  problem  with  LSI  circuits  scatty  -Li  the  users  of  them  rather  than  the 
circuits  themselves . M oit  users  axe  accustomed  to  uilng  single  function 
simple  components,  testing  them  extensively,  and  finding  industry  deceptive 
to  this  approach.  The  social  environment  of  the  business  is  c omponents- 
oriented,  not  systems- oriented.  Until  our  industry  can  be  educated  into 
living  in  a systems  world  and  its  associated  problems,  testing  will  be 
complex,  deliveries  will  be  long,  and  costs  will  be  high. 

« « « 

2.  Restrict  pin-out  terminations  to  60  VO  and  a total  of  64. 
Utilize  pin  multiplexing  to  achieve  this  limit  if  necessary.  Generation 
o f complex  test  programs  in  itself  is  no  problem,  but  the  a^velopment  of 
automatic  test  generation  from  truth  tables  should  be  funded. 

* * * 

3.  The  question  is  well  put!  1 1 is  very  difficult  to  test  LSI 
circuits.  The  first  problem  to  be  encountered  would  be  the  test  program 
itself.  This  is  a major  chore.  A fter  the  test  program  has  been  debugged, 
the  testing  of  packaged  parts  should  be  reasonably  straightforward.  How- 
ever, ivafer  testing  before  packaging  is  always  a major  problem.  Testing 
efforts  should  be  made  and  contracts  let  to  develop  cross -assembly  tech- 
niques and  allow  test  program  writing  to  be  done  using  higher  level 
languages. 

* * * 

4.  The  testing  of  complex  LSI  devices  -is  very  complex.  Test 
equipment,  however,  is  continually  reaching  the  market  directed  toward 
simplifying  this  problem. 

* * * 

5.  Testing  philosophy  changes,  of  course,  with  application  and 
with  device  type.  Specialized  testers  and  specialty  test  agencies  are 
beginning  to  appear  on  the  market.  While  neither  of  these  provides  a total 
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4o£ution  to  the  problem,  they  can  be  of  con&ideAable  value.  In  the  ca&e 
of  & micAopAoce&&oA,  it  It,  genenally  a&e^at  to  nun  a compAehen&ive  "boand 
te&t"  pAioA  to  indention  of  the  micnopAoce&&oA.  Then  an  application- 
oAiented  te&t  of  the  completed  function  follow. 

* * * 

6.  A itandaAdized  te&ting  approach  l&  needed  to  po&&ibly  include 
itandoAclization  on  actual  te&t  equipment;  then  te&t  tape&  and  inteA foce& 
can  become  &tandaAd  with  the  co&t&  ihaned  among  the  u&eA&.  Thi&  will 
enhance  the  po&&ibility  of  achieving  coAAelation  and  &hould  Aeduce  the 
po&&ibilitie&  o f having  conflicting  te&t  Ae&ulti. 

* * * 

7.  UicAopAoce&&oA&  and  generally  all  LSI  device*  po&e  a &igni- 
ficant  pAoblem  to  the  te&t/chanacteAization  engineer  &ince  by  definition 
and  de&ign,  no  two  device & aAe  aAchitectuAally  &imilaA.  Thi&  Aequlne & a 
functional  te&t  pnognam  foA  each  device.  The  incAea&ed  complexity  0(5  the 
device & po&e&,  at  tone*,  in&uAmo untable  pnoblem&  in  exeAdiing  oAea&  of 
the  device  that  aAe  "bunted"  within  the  functional  aAchitcctuAe  and  thene- 
foAe  cannot  be  dinectly  te&ted.  The  te&t  engineer  i&  faced  with  te&ting 
the  equivalent  of  &evenal  page & of  heAetofoAe  di&cAete  logic  in  a 40-pin 
component.  Component  manufactuAern  have  not  addAe&&ed  the  LSI  te&tability 
pAoblem  adequately  in  theiA  pnoduct&. 

On  &econd-&ouAce  pnoductA,  the  pnoblem  faced  hene  i&  one  of 
di&&imilaA  pAoce&&e&  being  u&ed  to  implement  the  &ame  function.  Complete 
electnical  ehanaetenization  ha&  Aevealed  that  fAequently  two  vendoA*  aAe 
not  Aeally  tnue  "tAan&paAent"  &econd  &ouAce&.  A compo&ite  ipecification 
i&  geneAated  to  coven  the  guananteed  penfoAmance  and  PC  intenface*  to  be 
expected  independent  of  the  vendoA  u&ed. 
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We  a/ie.  faced  with  different  appfiooie.hu  to  implementing  the 
same  function,  different  processes,  and  different  performance  definitions 
on  pant*  that  axe  maAketed  a*  the  same  LSI  pant  type. 

The  classical  approach  to  testing  SSI  and  MSI  device*  ha* 
been  the  "stuck  fault"  concept,  which  check*  all  static  gate  operations. 
While  this  appxoach  was  adequate  fox  these  devices,  LSI  pose*  significant 
test  pxoblem*  both  because  of  the  incxeased  numbex  of  paxts  and  the  itera- 
tive  closed-loop  opexation  of  many  intexnal  device  functions.  It  is  neaxly 
impossible  to  perform  adequate  "stuck  fault"  testing  on  LSI  devices. 

Even  if  "stuck  fault"  could  be  pexfoxmed,  it  would  not  neces- 
saxily  guaxantee  pxopex  device  functioning  at  system  l us  ex)  speeds.  What 
is  being  done  pxes entity  in  LSI  device  testing  is  to  judiciously  select  a 
cxitical  numbeA  and  type  of  test  pattexns,  and  xun  them  at  system  speeds 
in  the  device,  confirming  pxopex  opexation.  This  algorithm  selection  is 
not  a closed  and  precise  technique,  but  relies  heavily  on  the  vendor's  past 
performance  on  similar  devices  and  our  perception  of  the  part's  possible 
functional  problems. 

In  addition  to  the  pxoblem*  of  testing  individual  LSI  devices, 
there  is  an  even  greater  pxoblem  in  testing  subassemblies  containing  these 
components . Previous  methods  of  testing  MSI  subassemblies  axe  also  not 
adequate  U.e.,  "stuck  fault"  testing  of  low-level  logic)  fox  testing  sub- 
assemblies  populated  with  LSI  devices. 

A compromise  solution  is  to  separately  test  the  LSI  logic 
(with  functional  test  patterns)  and  the  MSI  logic  (with  conventional  "stuck 
fault"  patterns).  This  requires  isolation  of  the  LSI  devices  using  tri- 
state  buffers  wired  to  external  connector  pins.  These  I/O  pins  usually  are 
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very  rare  in  the  subassembly  design,  since  most  of  them  mould  have  atn.ea.dy 
been  committed  to  operational  1/0  and  axe  not  available  fax  testability. 

* * * 

8.  At  present,  this  is  a very  difficult  problem  and  mill  become 
moxe  difficult.  In  oxdex  to  maintain  xeasonable  bounds  on  this  pxoblem, 
xeas onable  judgement  must  constantly  be  exercised.  Fox  complex  LSI  devices, 
100%  fault  coverage  testing  is  vexy  often  not  economically  feasible. 

Planning  fax  testing  could  ease  the  pxoblem.  Building  test- 
ing ease  into  a micxocixcuit  is  often  possible  [ e.g .,  bxinging  out  a xeset 
line  on  a long  countex  chain  so  that  it  can  be  initialized  easily ).  Speci- 
fication consistency  could  also  help.  Fox  example,  specifications  mhich 
have  diffexent  loading  conditions  fax  each  output  ox  each  input  can  cxeate 
sevexe  testing  pxoblems. 

* * * 

9.  In  testing  SSI /MSI  devices,  generating  a functional  test 
mhich  100%  tests  the  gates  and  all  possible  patterns  is  not  unreasonable. 

Fox  LSI,  such  an  exhaustive  functional  test  is  not  pxactical.  Patterns  on 
the  oxdex  of  100 ^ mould  be  xequixed.  Some  middle  ground  must  be  reached. 

\ Approximately  90%  of  gates,  verify  functional  partitions,  execute  all 
instructions  ox  basic  functions,  data  patterns:  all  ones,  all  zeroes, 
etc. ) Guidelines  must  be  established. 

Generation  and  implementation  of  a xeasonable  functional  test 
requires  effort  heretofore  unheard  of  fox  a device  test.  The  non-xecurring 
costs  fox  mxiting  LSI  device  test  programs  can  range  from  6 man-months  to  2 
man-years.  Fox  a user  this  can  be  reduced  by  20%  to  30%  by  implementing  a 
vendor's  test  program,  if  available.  The  difficulty  is  that  the  vendor’s 
program  is  peculiar  to  a given  test  machine.  The  test  program  must  be 
translated  to  be  implemented  on  a different  machine.  This  highlights  one 
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of  the  major  problems  ax s o dated  with  specifying  an  LSI  device..  Fox 
example,  the  functional  test  fox  the.  SO  SO  A microprocessor  (MlL-M-38510/420) 
lists  12,000  binary  vectors.  To  convert  thl s detailed  functional  text  to 
a given  text  machine  u>M  xequlxe  tkxee  to  five  man-monthx  of  programming 
effoxt.  If  a txanxlatox  pxogxam  already  exlxted,  thlx  time  could  be 
Xeduced  to  about  one  man-month. 

Another  pxoblem  lx  that  devlcex  completely  compatible  at  the 
xyxtem  level  may  not  be  complelely  compatible  at  the  device  text  levels. 

Thlx  xltuatlon  came  to  the  foxefxont  when  a text  pxogxam  developed  fox 
Intel'x  SOSO  A microprocessor  could  not  be  uxed  to  text  the  90S0A  (AMP'a 
equivalent  SO  SO  A) . 

Much  study  lx  needed  In  the  axea  of  device  texting.  The 
txend  seesns  to  be  toward  dedicated  textexx  (mlcxopxocexxoxx  and  pexlphexal) 
ax  opposed  to  laxge  genexal-puxpoxe  LSI  textexx.  Fox  mllltaxy  pxocuxement, 
some  xtandaxd  method  of  texting  and  standaxd  text  machlnex  xhould  be  estab- 
lished. Txanxlatoxs  fox  these  standaxd  machlnex  should  be  made  available 
to  supptiexx  and  uxexs . 

A set  of  standaxd  vectoxs  should  be  genexated  fox  the  differ- 
ent LSI  families  (e.g.,  RAMs,  ROMs,  shift  xeglxtexs)  to  provide  a baseline 
fox  Industry  texting.  Fox  LSI  devlcex  gxeatex  than  5 00  gates,  the  judicious 
use  of  on-chlp  BITE  should  be  encouraged  to  simplify  device  texting. 

* * * 

10.  Texting  of  complex  LSI  circuit  devlcex  can  best  be  accom- 
plished by  taking  Into  consideration  the  function  of  the  part,  the  geometry 
of  the  die,  and  the  technology  being  uxed. 

Texting  software  must  exercise  all  basic  functions  of  the 
device.  Tests  fox  " worst  case  cross -talk"  should  be  derived  by  taking  Into 
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account  the  ^aJJtuAc  mechanisms  peculiar  to  the  technology  being  employed 
as  well  04  the  geometric  placement  oh  the  cell 4 within  the  device.  All 
possible  hath  table  combination*  will  probably  be  impossible  to  test  In 
a reasonable  testing  time,  but  great  assurance  oh  proper  perhomance  may 
be  obtained  using  this  method.  Likely,  only  the  device  manuhacturer  has 
all  the  hacts  and  test  equipment  necessary  to  evaluate  his  product.  For 
Incoming  Inspection  testing,  an  "In  use"  circuit  at  temperature  extremes 
should  insure  that  the  received  device  is  Indeed  hunctional. 

* * * 

11.  There  is  great  dlhhleulty  In  testing  LSI  devices  because 
oh  their  complexity  and  the  weakness  oh  the  design  disciplines  used  so 
ohten  In  creating  new  LSI  devices.  LSJ  testing  complexity  stems  primar- 
ily i from  the  need  to  test  h°r  interactions  between  each  oh  the  thousands 
oh  elements  in  the  LSI  part.  Uith  a disciplined  design  approach,  such  as 
standard  cells,  this  Interaction  problem  can  be  minimized  because  the 
logic  hunction*  are  designed  and  tested  to  eliminate  the  possibility  oh 
all  Interactions , and  the  Interconnection  matrix  is  designed  to  access 
the  cells  only  at  preselected  access  nodes.  The  logic  on  a standard 
cell  design  must  be  tested  h°r  tfunc tlon,  oh  course,  but  the  extensive 
testing  h°r  pattern  sensitivity  and  Interaction  between  elements  can  be 
eliminated.  Such  disciplined  design  approaches  should  be  designated  by 
WAl/AIR  04  their  preherred  design  approaches. 

An  additional  approach  to  testing  LSI  devices  that  is 
presently  being  studied  is  a hunetional  simulation/ testing  program  that 
allows  subelements  oh  complex  LSI  devices  to  be  exercised  Independently, 
thereby  decreasing  the  complexity  oh  the  test  pattern  generation  and 
testing  problem.  This  area  oh  study  should  be  handed  by  government  con- 
tracts with  speclhlc  initial  goals  oh  testing  today's  LSI  devices  and 
generating  Ideas  h on-  testing  the  next  generation  oh  VLSI  devices  oh 
greatly  enhanced  complexity. 

* * * 

96 


u 


NAC  TR-2221 


Question  W:  Mmk  convent  on  the  problem 
of  testing  complex  LSI  devices. 


12.  Testing  ob  (/LSI  circuits  is  just  waiving,  and  it  seems 
that  it  u)ill  be  impractical  to  bully  test  a pant  even  with  the  use  ob 
compute*- aided  tools.  There bore,  decisions  Mill  be  made  based  on  tradeobb* 
during  the  design  cycle  that  Mill  exercise  the  part  to  a level  maximizing 
the  probability  of,  detecting  a bailure  mode. 

Considerable  experience  bor  judging  these  deles  ions  is 
available  ^om  the  testing  ob  calculator  components  and  computer  systems. 

* * * 

13.  a.  Complex  LSI  devices  should  be  tested  as  Me  test  PC 
cards,  using  only  the  I/O  pins. 

b.  Custom  LSICs  must  be  designed  to  ($acL£Ltate  testing. 


c.  Obtain  and  duplicate  vendor  test  programs  )$oa. 
standard  LSI  parts. 


* * * 


14.  This  dibbsault  problem  is  greatly  simplibied  ib  the  designer 
is  made  responsible  b0> 1 specibying  the  test  procedure.  Not  only  is  the 
designer  best  qualibied  to  speelby  the  test  procedure,  and  knoMing  exactly 
Mhat  the  LSI  is  expected  to  do,  but  untes table  designs  are  eliminated.  In 
many  cases,  the  addition  ob  a b&*>  extra  pads  Mhich  need  not  be  brought  out 
ob  the  package  Mill  greatly  simpliby  testing. 


Very  obten  LSI  is  so  complicated  that  only  computer-aided 
design  procedures  are  capable  ob  producing  satis bactory  results.  NAVAIR 
should  encourage  the  use  ob  these  programs,  and  should  require  that  test 
vectors  be  generated  bebore  the  design  is  released  to  production,  both  h0*1 
the  LSI  and  bor  the  equipment  using  the  part. 
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frequ ently,  both  Tut  and  Design  departments  exist  within 
an  organization,  and  each  expect*  the  other  to  be  responsible  for  the  test 
sequence.  The  problem*  that  may  be  created  can  be  eliminated  by  requiring 
the  Ve&ign  department  to  be  re* ponsible  far  the  content  of  the  tests,  and 
the  Te*t  department  to  be  re*pon*ible  far  implementation. 

* » * 

15.  Experience  indicate*  that  1 00%  *creening  far  critical 
parameter*  at  extended  temperature*,  voltage*,  etc.  i*  the  only  elective 
te*t  philo*ophy.  inasmuch  a*  po**ible,  the  te&t  configuration  *hould 
emulate  the  intended  application,  far,  with  complex  LSI  device*,  testing 
all  possible  combination*  of  parameter*  i*  difficult  and  co*tly  to  imple- 
ment even  when  using  automatic  te*t  equipment. 

* * * 

16.  Mo  comment. 


* * * 

17.  Sophisticated  test  equipment  is  a nece**ity  if  a wide 
variety  of  parts  are  to  be  tested;  but  comparative  testing  can  be  per- 
formed on  dedicated  hardware.  A governmental  software  library  containing 
magnetic  test  tapes  far  commonly  used  hardware  would  reduce  the  OEM's 
test  development  costs. 

» * * 

18.  There  are  several  level*  of  testing  required  for  LSI 
devices.  Ml  level*  require  considerably  more  complex  test  algorithm* 
than  with  MSI.  functional  testing  with  known  state  conditions  can  be 
complemented  very  nicely  by  voltage  contrast  detection  of  these  internal 
state  conditions.  That  is,  the  same  computer- controlled  electron  beam 
technology  that  is  advancing  the  state  and  complexity  of  LSI  tVLSI)  is 
also  able  to  provide  new  test  information  internal  to  the  chip.  In  par- 
ticular, fault  isolation  on  a pre-packaged  [or  reopened}  LSI  chip  can  be 
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caAAied  out  evidently.  Tut  algoAithms  alAeady  exist  that  exeAcise  LSI 
chips,  but  theAe  aAe  tunu  when  no  amount  ofi  exeAc ising  the  chips  wilt 

Aeveal  the  ^ailuAe  mode.  HoweveA,  a computeA-contAolled  electAon  beam 
( high  Impedance  pAobe)  can  be  wt>ed  to  addAUA  any  point  on  the  chip ; and 
with  pAopeA  inAtAumentation  and  methodology,  voltage  6 tote  (nodal  point a) 
inteAnal  to  the  chip  that  aAe  inacceAAible  by  any  otheA  meanA  can  be 
meaAuAed.  This  infaAmation  combined  with  the  otheA  moAe  matuAe  tut 
algoAithms  can  be  the  baAiA  o£  new  tut  pAoceduAU  that  muAt  be  developed 
concuAAently  with  fiuAtheA  advancu  in  LSI. 

* * * 

79.  The  complexity,  initial  coAt,  and  opeAating  coAt  0|$  tuteAA 
haA  ucalated  with  the  complexity  o&  LSI.  PAovision  faA  tut  Ahould  be 
incoApoAated  into  each  LSI  device  to  Amplify  tut  and  & ault  isolation. 

Up  to  10%  o the  ciAcuitAy  on  the  LSI  device  Ahould  be  aAAigned  to  tut 
and  fault  isolation. 

* * * 

20.  CAPT  0.  ].  Ohm,  USAF,  ioas  extensively  involved  with  the 
chaAacteAization  o<$  the  SOSO  micAopAocUAOA.  It  is  Aecormended  that 
inputs  be  solicited  faom  CAPT  Ohm,  who  is  intimately  & amiliaA  with  the 
tuting  o & complex  devicu. 

* * * 
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G.  Question  #7:  What  should  be  done  to  make  custom  LSI  circuit 
development  costs  and  turnaround  times  affordable  to  NAVAIR  and  its  con- 
tractors, with  low  system  and  schedule  risks? 

Highl ights: 

There  were  two  suggestions  that  enjoyed  a reasonable  degree 
of  concurrence  among  respondents.  These  were: 

• Use  computer-aided  design  techniques 
employing  libraries  of  standard  cells 
in  technologies  that  are  in  the  main- 
stream and  which  can  be  manufactured 
on  high  volume  production  lines. 

• Make  optimum  use  of  semi-custom 
integrated  circuits  such  as  universal 
gate  arrays  and  so  forth. 

Industry  Replies: 

1.  Custom  LSI  circuit  design  costs  and  risk  hectors  one.,  oh 
course,  directly  related  to  the.  complexity  oh  the  design  and  how  Aasi  the 
process  technology  must  deviate  fariom  what  Is  currently  In  production. 

LSI  digital  circuits  should,  lh  at  all  possible,  be  designed  using  well- 
established  logic  building  blocks  as  used  In  standard  catalog  Items 
such  as  54 LS  or  one  oh  the  standard  MOS  technologies.  Provided  the 
custom  circuit  does  fallow  standard  54LS  or  other  mainstream  technology, 
the  automated  computer-aided  design  facilities  using  the  library  oh  the 
building  blocks  will  provide  a design  with  a high  probability  oh  meeting 
the  systems  requirements  the  hirst  time  It  Is  manufactured.  Processing 
oh  the  custom  circuit  can  then  be  done  on  a high  volume  production  line 
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Question  17:  tfhat  should  be  done  to  oeke 
custom  LSI  circuit  development  costs  end 
turnaround  times  affordable  to  NAVAIR  and 
Its  contractors,  with  low  system  and 
schedule  risks? 


uting  exactly  the  tame  pnoeett  and  pnoduet  guidelinet  uted  on  any  ttandand 
5 4LS  eineuit.  In  the  cate  oh  tinea n on.  nonttandand  digital  cincuitt  Mhene 
the  me  oh  people  ( not  maeJu.net>)  goet  u.p,  to  doet  the  nitk  action,  and  the 
pnobabitity  oh  not  meeting  the  {>yi>temt>  nequinementt  the  {,int>t  time. 
Unhontunately,  thene  doet  not  teem  to  be  a hoolpnooh  appnoach  in  thete 
eaten.  I pentonally  believe  mone  time  thould  be  tpent  bneadboanding  and 
eomputen  timulating  the  eineuit,  and  that  "hatte  meant  Matte"  in  thete 
aneat.  Thene  it  utually  tach  pnettune  bnought  to  bean,  by  the  tyttem 
manuhactunen  that  the  temiconducton  houte  Mill  commit  a eineuit  detign 
to  layout  and  matk  genenation  pnematunely  jutt  to  meet  a tehedule. 

* * * 

l.  Maximize  the  ute  oh  gate  annayt  ( bipolan ) and  cell  li-bnaniet 
(M0S).  Make  the  ute  oh  an  exitting  up-to-date  CAP  tyttem  a pneeondition 
hon  development  eontnact  awandt. 

* * * 

3.  It  Mould  be  veny  dihhic-ult  to  make  euttom  LSI  eineuit 
development  ahhondable  [appnoximately  $100, 000 /eineuit)  and  tunnanound 
timet  good  l appnoximately  12-18  montht)  h0/L  NMAlR-type  cineultt.  Sche- 
dule nitkt  mutt  be  eontidened.  Ih  the  NAI/A1R  tyttemt  could  be  detigned 
anound  ttandand  pantt,  with  h cw  euttom  devicet,  then  tunnanound  timet 
and  eottt  Mould  be  nedueed  contidenably. 

* * * 

4.  (tie  ({eeC  the  antMen  to  euttom  LSI  it  the  in-houte  dedicated 
haeility  Mith  a thonough  undenttanding  oh  tyttemt  nequinementt  and  Mlth 
the  motivation  oh  having  to  deliven  the  tueeett hul  tyttem. 

* * * 
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Question  #7:  What  should  bo  dono  to  hU 
custom  LSI  circuit  development  costs  and 
turnaround  times  affordable  to  NAVAIR  and 
Its  contractors,  with  low  system  and 
schedule  risks? 


5.  Consider  the  use  o f marten  s thee/ master  gate  as  a breadboard 
of  quick  reaction  custom  semiconductor  houses,  t.e.,  Exor,  Interdesign, 
RCA,  etc.  We  would  also  question  whether  a custom  LSI  approach  is  consis- 
tent with  the  objectives  o f questions  1 through  3 of  this  surveij.  Except 

f \or  extremely  high  volume  and  some  specialty  applications , we  believe 
standard  LSI  is  a far  better  solution.  Where  packaging  size  constraints 
are  severe,  a hybrid  microelectronics  approach  can  offer  an  attractive 
alternative. 

* * * 

6.  No  comment. 


* * * 

7.  Computer  placement  and  miring  of  macro  cells  is  an  approach 
offered  by  a few  vendors  that  provides  moderate  development  cost  and  quick 
turnaround.  NAVAIR  should  capitalize  on  the  similarity  o f these  LSI 
approaches  by  funding  the  development  of  common  macro  functions  and  the 
enhancement  oft  the  computer  placement  and  wiring  programs.  These  programs 
should  be  enhanced  to  permit  input/ output  pin  assignment  as  a design  input. 
These  developments  should  result  in  acceptable  alternate  sources. 


Recurring  costs  of,  computer  placed  and  wired  macro  cells  are, 
of  course,  volume  dependent.  Those  functions  that  never  achieve  high  vol- 
ume would  remain  unchanged  during  their  production  life.  However,  those 
that  achieve  high  volume  should  be  redesigned  using  conventional  hand 
placement  and  wining  to  achieve  minimum  silicon  die  area  and  thus  minimize 
cost.  The  initial  computer  placed- and-wired  macro  cell  approach  phase  for 
known  high  volume  functions  offers  quick  development  time  at  moderate  cost 
and  hardware  with  which  to  test  the  designs  in  a system  before  committing 
to  the  long,  costly,  hand  layout  of  the  desired  LSI  functions. 

* * * 
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OumIIm  91:  Mat  MouU  M 9am  to  m 

custon  LSI  circuit  davolopntnt  costs  and 
turnaround  tints  affordable  to  MAVAIR  and 
Its  contractors,  with  low  s/ston  and 
scMuli  risks? 

8.  Standaxd  cell  appxoache s and  design  automation  techniques  axe 
the  best  ways  of,  attacking  the  development  cost  and  tuxnaxound  time  pxoblems . 

VoV  and  NAl/AIR  might  wish  to  consider,  fuxthex  development  pxogxams  in  this 
axea  to  as  to  lessen  cost  and  development  times. 

The  xisk  pxoblem  could  best  be  solved  by  woxking  with  pxoven 
technologies  manufactuxed  by  pxoven  suppliexs  who  axe  committed  to  supply- 
ing custom  cixcuits,  and  in  paxticulax,  custom  cixcuits  fox  the  VoV  maxket. 

This  also  attacks  the  pxoblem  of  maintaining  xeasonable  business  levels 
with  suppliexs. 

* * * 

9.  CAD  systems  pxovide  a paxtial  solution  to  the  pxoblem  of 
costs  and  development  times.  The  use  of  cell  libxaxies  fox  chip  designs 
ox  the  use  of  customizable  gate  assays  ox  PLAs  pxovides  low  xisk,  minimal 
cost  LSI.  Howevex,  these  solutions  to  the  cost/ schedule/ xisk  pxoblems  have 
pexfoxmance  disadvantages  in  that  the  xesulting  devices  genexally  axe  not 
optimized  fox  speed,  powex  consumption,  dxive  capability,  ox  chip  yield. 

Encouxaging  the  development  and  use  of  such  automated  chip  design  CAD 
systems  would  be  of  benefit  to  WAl/AIR. 

It  should  be  xecognized  that  custom  LSI  nonxecuxxing  costs 
dixectly  xeduce  the  next  highex  level  of  assembly  design  and  development 
cost.  LSI  significantly  xeduces  the  numbex  of  multilayex  boaxds,  intex- 
connections , cost,  and  assemblies  xequixed  fox  an  equipment,  and  thus 
xeduces  system  cost  and  schedule  xisks. 

The  use  of  SAMs  offexs  the  long-xange  potential  of  minimum 
development  xisks,  xeduced  development  lead  times,  and  seduced  pxoduction 
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Oudttlon  II:  Hut  should  bo  boot  to  Ml 
CMto*  LSI  circuit  dtvtlopaont  cost*  «nd 
turnaround  Kaos  ifforddbld  to  MMI*  ind 
IU  contractor*.  uttb  too  ijtta  tod 
schoduld  rtsbtV 


schedule  -dead  times.  Multiple  s ourcing  0($  SAMs  will  also  reduce  system 
risks  associated  with  sole  source  production  problems. 

• * • 

10.  One  approach  ivoutd  be  to  encourage  the  use  of  previously 
developed  custom  LSJCa  (government  funded]  and  the  uAe  of  computer-aided 
design  programA  with  Atandard  celt  librarie A far  vario ua  technologieA 
developed  and  maintained  by  the  government. 

Tm  or  three  information  center*  located  in  different  geo- 
graphic areas  of  the  country  could  be  a et  up  far  government  contractorA ' 
uAe.  There  centers  Mould  maintain  all  the  data  on  custom  LSICs  developed 
on  Government  funds.  This  data  could  be  reviewed  to  see  if  any  of  these 
devices  or  simple  modifications  of  them  could  be  used  in  new  designs.  If 
the  government  owned  the  designs,  simple  modifications  could  be  obtained 
at  a fraction  of  the  design  cost  of  starting  from  scratch.  (Hew  masks 
would  have  to  be  made  bat  a majority  of  the  layout  would  be  complete.) 

Government-developed  CAP  programs  with  standard  cell  libra- 
ries far  various  technologies  would  also  be  maintained  at  the  information 
centers.  These  CAP  programs  could  be  an  extension  and  expansion  of  the 
programs  such  as  those  at  ECOM  and  NS A.  Government  contractors  could 
purchase  computer  time  to  design  LSIC4  or  obtain  the  programs  far  use  in 
their  own  facilities  . Either  way,  technical  assistance  and  update  infor- 
mation for  the  programs  could  be  provided  at  these  centers.  This  would 
have  the  advantage  of  standardizing  the  design  rules  and  the  celts  used 
in  custom  LS1C  designs.  Wafer  fabrication  sources  would  have  higher 
confidence  in  being  able  to  successfully  process  the  designs,  and  the 
design  risks  would  be  reduced.  The  government  could  design  test  pattern 
chips  to  check  out  new  cells  to  be  added  to  the  cell  libraries  and  also 
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Question  #7:  What  should  bo  done  to  moke 
custom  LSI  circuit  development  costs  end 
turnaround  times  affordable  to  NAVAIft  end 
Its  contractors , with  lew  system  end 
schedule  risks? 


to  check  the  pnocess  compatibility  to  the  designs  Oj$  vanious  fabnication 
souAces  . A list  o f compatible.  fabnication  souAces  could  clIao  be  maintained. 

The  use  of  standand  design  AuleA  and  cellA  Ahould  make  the 
taAk  of  Aedeslgnlng  existing  LSICa  Into  new  technologies  and  pnocess es 
Aomewhat  leAA  difficult  and  leAA  time- conA wring. 

* * * 

11.  MAI/AIR  Ahould  adopt  quick  tuAnaAound,  low  non-AecuAAing 
coAt  LSI  deAign  appAoacheA  that  have  been  developed  by  InduAtAy  and  that 
aAe  familioA  to  peAsonnel  at  goveAnment  agencies.  I'Je  have  developed  thn.ee 
design  appnoaches  that  meet  these  cnitenla: 

* Standand  Celt 

• UnlveAAal  Annay 

’ HandcAa fted  Co mputen- Aided  Designs 

The  flnst  two  one  established  appAoaches  which  one  now  openational  In  sev- 
enal  goveAnment  agencieA  and  at  many  militany  system  contnactoA  facilities . 
The  standand  cell  and  univensal  annay  appAoaches  one  affondable,  neliable, 
and  allow  deAlgns  to  be  accomplished  within  typical  equipment  dev elo foment 
schedules . 

» • • 

12.  Expenlence  Indicates  that  LSI  functions  should  be  Imple- 
mented with  a technology  which  supponts  at  least  1000  gates  pen  20,000 
squaAe  mils  of  chip  anea,  Including  InteAconnects.  I L satisfies  this 
nequinement  well.  (See  nesponse  to  Question  8.) 

To  minimize  design  cost  and  cycle  time,  two  appAoaches 
should  be  considened.  Applications  nequlnlng  fewen  than  1000  gates  of 
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Quastlon  17:  What  should  b«  dor*  to  hU 
custom  LSI  circuit  davolopnent  costs  and 
turnaround  tints  affordable  to  HAVAlft  and 
Its  contractors,  with  low  ays tan  and 
schedule  risks? 


complexity  [64  flip-  flops,  500  gates,  and  1/0  buffers]  should  employ  a 
gate  array  technique.  Cycle  time  to  receiving  functional  parts  with  this 
approach  is  8-10  week s. 


Application s requiring  a level  of  integration  greater  than 
that  provided  by  the  gate  array  should  consider  use  of  an  automated  design 
system.  With  such  an  approach,  design  cycle  times  range  from  a minimum 
of  21  weeks  upward,  according  to  the  device’s  level  of  integration. 

All  of  the  above  cycle  times  assume  a completed  gate  level 
description  of  the  function  at  the  outset  of  the  project. 


The  requirement  for  custom  LSI  functions  can  often  be  mini- 
mized. Proper  system  partitioning  permits  most  system  functions  to  be 
implemented  « Uth  standard  microcomputer  devices  which  have  been  programmed 
to  implement  the  particular  system  function.  With  this  approach,  the  only 
functions  requeuing  custom  LSI  are  readily  implemented  with  the  level  of 
integration  supported  by  the  gate  array  described  earlier. 

* * * 

13.  a.  Investigate  the  utility  of  a set  [small]  0|$  standard 
gate  arrays  in  the  200-500  gate  range.  Customization  then  only  requires 
custom  metallization.  Qualify  the  parts  independent  of  customization. 

b.  Use  standard  cell! automated  design  approaches. 


c.  Use  programmable  LSI  devices  when  possible ; purposely 
design  for  their  use. 


* * * 
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Question  17:  What  should  be  done  to  nke 
custom  LSI  circuit  development  costs  end 
turnaround  times  affordable  to  JMVAIR  and 
Its  contractors,  with  low  system  and 
schedule  risks? 


14.  (lie.  CAP  techniques  throughout  with  emphasis  on  a standard 
celt  approach.  Automated  LSI  design  systems  have  been  developed  by  both 
NS A and  NASA  and  are  In  the  public  domain.  Use  o f these  systems  greatly 
reduces  turnaround  time,  cost,  and  risks  because  of  the  large  amount  of 
automated  error  checking.  Standard  cells  have  been  carefully  characterized 
so  that  their  performance  can  be  predicted  accurately;  therefore,  automated 
layout  using  these  cells  has  a high  probability  of  success. 

Every  effort  should  be  made  to  avoid  the  multiple  try,  mlnl- 
num  area  procedures  common  In  the  commercial  semiconductor  Industry.  While 
this  technique  is  sensible  where  an  LSI  chip  will  be  manufactured  In  large 
quantities  (hand  calculators,  for  example),  it  does  not  make  sense  for  a 
feu)  thousand  parts  total. 

• « * 

15.  Non-recurring  costs  and  the  time  required  to  develop  special 
devices  can  be  minimized  by  building  on  existing  designs.  This  concept 
utilizes  subelements  which  have  been  designed  and  proven  In  actual  applica- 
tions. It  would  also  often  be  better  to  carry  some  unused  functions  In  a 
device  rather  than  to  tailor  the  device  to  a specific  application.  Stan- 
dardization of  design  rules  and  precautions  against  overspecifying  are  of 
paramount  Importance. 


An  additional  costly  pitfall  Is  trying  to  embody  too  many 
functions  In  a single  device  when  there  is  no  real  overriding  reason. 

« • « 


16.  No  comment. 


* « * 
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Question  97:  tfhat  should  be  done  to  wake 
custom  LSI  circuit  development  costs  end 
turnaround  tiers  affordable  to  NAVAIR  and 
Hi  c out recUrt.  with  lee  system  end 
schedule  risks? 

J7.  We  make  use  of  internal  MOS  m anu factoring  facilities  to  meet 
the  weeds  04  low  volume  production  requtn.eme.nti> . For  commercial  product*, 
NAVAIP  should  consider  procuring  a quantity  of  part*  for  re-sale  to  OEMs; 
thu*  eliminating  lot  charge*. 

* * * 

18.  Computer- controlled  electron  beam  lithography  can  be  developed 
not  only  to  provide  the  high  performance  LSI  required,  but  to  do  *o  with  the 
shortest  possible  turnaround  time*  at  affordable  costs.  There  are  scheme* 
and  considerably  advanced  work  in  process  to  provide  replication  of  submicron 
device  patterns  over  an  area  as  large  as  one  square  millimeter,  and  thereby 
increase  the  throughput  of  VLSI  chips  even  more  over  direct  electron  beam 
exposure.  This  combination  of  computer- controlled  electron  beam  litho- 
graphy for  both  direct  mfer  exposure  and  mask  making  combined  with  advanced 
lithographic  replication  must  be  developed  and  committed  in  a timely  manner. 

* * * 

19.  The  master  chip  and  PLA  concepts  should  be  encouraged.  A 
clearing  house  for  available  master  chip  design*  and  a catalog  of  equivalent 
MSI  functions  that  can  be  implemented  from  these  designs  would  encourage  use. 

* * * 

20.  Actively  get  involved  with  USAF/RAVC  to  expedite  development 
of  detailed  MIL-M-38570  specifications  for  LSI  device*.  In  general,  the 
military  should  look  toioard  establishing  common  but  very  precise/ detailed/ 
contractual,  requirements  that  force  all  contractors  to  a common  type  procure- 
ment. There  are  many  ways  in  which  this  could  be  done,  but  standardization 
must  be  required  of  every  contractor  in  a uniform  way  to  achieve  the  type 

of  volume,  in  an  ever- shrinking  military  market,  which  will  result  in  con- 
tinuous  device  production. 

« * « 
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H.  Question  #8:  What  semiconductor  technologies  are  required  for 
future  avionics  systems  that  will  not  be  available  in  a timely  manner  as 
spin-offs  from  non-military  products?  What  developments  should  be  funded 
by  NAVA I R?  Why? 


Highlights: 

The  following  technological  developments  were  identified  most 
often  by  the  respondents  as  requiring  NAVAIR  development  support. 

• Radiation  hardened  technology/ device 
development 

• Computer-aided  design  techniques  and 
standard  cell  development 


• CMOS/SOS  technology 

• High  Speed  GaAs  technology 


• I2L  LSI  technology 

A list  of  other  suggestions  is  as  follows: 


• Silicon  and  GaAs  MESFET 

• Depletion-load  NMOS/SOS 

• Microwave  devices 

• LSI  at  GHz 

• MICs 
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Question  #8:  Hhat  semiconductor  technologies 
•re  required  for  future  avionics  systems  that 
■111  not  be  available  In  a timely  manner  at 
spin-offs  from  non-military  products?  dhat 
developments  should  be  funded  by  HAVAIR? 

Mby? 

• Dielectric  Insulated  (DI)  devices 

• High  reliability  hybrids 

• Militarized  low  power  8-bit  or  16-bit 
microprocessor 

• Specific  LSI  building  blocks 

• Special  packaging  and  handling  technologies 

• LSI  testing  techniques 

• Multi-level  logic  and  software  techniques 

• Acceleration  of  development  of  LSI  and 
VLSI  sooner  than  commercial  demand  warrants 

• Militarized  liquid  crystal  displays 

• Computer-controlled  E-beam  direct  wafer 
exposure  technology 

Industry  Replies: 

1 . The  industry  Is  moving  along  the  path  ofi  technological 
advancement  about  as  fia it  as  it  can.  Ami  a ofi  people  and  GNP  kind 's 
0(5  dotlaAA  axe  being  spent  on  the  semiconductor  technology.  However, 
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. Question  #8:  What  semiconductor  technologies 

•re  required  for  future  avionics  systems  that 
mill  not  be  available  In  a timely  manner  as 
spin-offs  from  non-military  products?  What 
developments  should  be  fielded  by  NAVAIR7 
»,? 

I believe  we  should  look  at  the.  unique  environment  of  avionic  Ay-item  and 
appreciate  the  fundamental  failure  mechaniim  at  work  in  this  environment. 
The  hostility  of  an  avionic  system  must  be  one  of  the  most  difficult  with 
its  temperature  extremes,  shock  forces,  and  probably  most  of  all,  the 
extreme  changes  in  barometric  pressures.  The  temperature  extremes  and 
shock  forces  are  probably  well  within  the  state-of-the-art  of  any  LSI  tech- 
nology. Change  in  barometric  pressure,  however,  is  probably  the  principal 
underlying  cause  for  most  operational  failures  of  airborne  electronics. 
There  is  a vast  improvement  necessary  in  the  hermetic  package  area  to  pro- 
vide a fundamental  improvement  necessary  to  meet  this  environment.  The 
semiconductor  manufacturer  selects  his  package  based  primarily  upon  piece 
parts  cost  and  yield.  Reliability  is  considered  for  a broad  spectrum  of 
customers  and  usages,  and  does  not  adequately  address  the  avionic  environ- 
ment. If  I could  encourage  the  Navy  to  fund  any  needed  improvement,  it 
would  be  to  develop  a hermetic  package  in  a standard  format,  where  reli- 
ability and  appreciating  the  fundamental  failure  mechanisms  at  work  in 
this  environment  would  be  the  driving  motivators,  not  piece  parts  cost. 

* * * 

2.  CMOS/SOS,  silicon,  and  GaAs  MESFET  technologies;  depletion- 
load NMOS/SOS.  I believe  that  SOS  MESFET  low  power  technology  has  a great 
future  since  it  combines  the  low  power  and  layout  density  of  I L with  the 
speed  and  radiation  hardness  of  CM OS/SOS.  Since  this  technology  is  not 
funded  elsewhere,  NAl/AIR  might  want  to  consider  its  support. 

• * • 

3.  a.  Radiation  hardened  technologies. 

b.  Gigahertz  technologies  (MESFETs,  etc.) 


Ill 
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(fcttltton  *%•.  Whet  semiconductor  technologies 
•rt  required  for  future  avionics  systems  that 
«m  not  be  available  In  a timely  manner  as 
•pin-offs  from  non-mi lltary  products?  What 
developments  should  be  funded  by  NdVAlft? 

**? 


c.  Extremely  high  quality  technologic . 

High  frequency  device  far  microwave  application*  might  not 
be  available  from  non- military  source*.  Development*  In  Integrated  high 
frequency  LSI  circuit*  far  the  GHz  operating  area  might  have  to  be  funded 
to  get  *omethlng  specifically  far  the  military. 

* * * 

4.  High  *peed  digital  logic  u*lng  gallium  arsenide  and  micro - 
wave  Integrated  circuit*  are  area*  that  uilll  probably  not  *pln  off  from 
the  commercial  world.  In  *illcon-ba*ed  technology,  very  large  memorle* 
and  hardened  device*  are  al*o  unlikely  a*  commercial  spin-off*. 

* * * 

5.  Radiation  hardened  and  dielectric  i*olated  device*.  Also, 
high  reliability  hybrid*.  Neither  l*  being  pur&ued  by  the  commercial  world. 

* * * 

6.  No  comment. 


* * * 

7.  In  the  near  term,  a reliable,  competitive,  and  performance 
attractive  low-power  8-bit  or  16-bit  mlcroproce**or  l*  not  available  far 
the  military  u*e.  Problem*  have  been  experienced  In  all  the  current  CMOS 
product*  In  thi*  category,  related  to  architecture  (*ince  there  product* 
now  available  were  originally  de*lgned  far  specific  application*  and  now 
are  attempting  to  answer  general- purpo*e  CPU  problem*),  and  performance 
In  the  military  environment. 


The  CMOS  technologies  available  today  are  capable  of  produc- 
ing a "CMOS  280"  or  "CMOS  9900,"  etc.,  that  would  be  very  attractive  to 
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Question  #•:  What  semi conductor  technologies 
•re  required  for  future  avionics  systems  that 
will  not  be  available  In  a timely  manner  as 
spin-offs  from  non-military  products?  What 
developments  should  be  funded  by  WAVAia? 

Why? 

the  military' s current  requirements  far  loM-poMer,  general-purpose,  and 
loM-cost  military  microprocessor s.  HoMever,  vendor  have  not  Initiated 
this  approach  since  they  are  cormercial- market  oriented  and  lack  the  mar- 
keting Inputs  to  develop  this  product  on  their  om.  A funded  efifart  now 
Mould  yield  products  In  twelve  months,  much  before  the  Industry  Mould 
Initiate  this  enfant  on  their  own.  The  typical  budget  requirement  far 
a CMOS  ISO  has  been  sized  at  150-200K. 

Radiation- hard  bipolar  and  MOS  technologies  needed  far  some 

future  avionics  systems  are  not  likely  to  evolve  as  spin-o&fa  &rom  non- 

2 

military  products.  Technologies  such  as  CMOS  and  I L have  the  potential 

far  high  levels  oh  Integration  because  oh  Iom  poMer  consumptions.  WAUAIR 

2 

should,  as  a minimum,  fiund  the  development  oh  radiation  hard  I L because 
oh  its  potential  far  extremely  high  integration  levels  and  high  radiation 
hardness  levels.  Funding  the  hardening  oh  the  CMOS  technologies  used  in 
existing  computer  placed- and- Mired  macro  cell  approaches  to  LSI  should 
also  be  considered. 

In  discussing  LSI  technologies  that  should  be  handed  by  the 
Federal  government,  there  Is  a philosophical  dichotomy  Mhich  is  brlehly 
explored  here.  On  the  one  hand,  the  military  usually  Marts  equipment  that 
is  faeld  repairable;  but  the  LSI  manufacturer  has  a large  capital  invest- 
ment in  a process  Mhich  has  led  to  an  inexpensive  device  cost,  cheap  enough 
to  ohten  be  considered  "throM-away."  The  military  tikes  the  "throM-away" 
concept,  but  is  discouraged  by  the  huge  ^rent-end  investment  required  In 
capital  equipment. 

Military  equipment  and  device  manuhacturers  have  historically 
desired  to  "personalize"  their  product  In  their  shop ; that  is,  program  a 
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Question  *8  What  semiconductor  techno1o9les 
ar*  required  for  future  avionics  systems  that 
Kill  not  be  available  In  « t<«ely  manner  a* 
spin-offs  fro*  non-military  products?  What 
developments  should  bo  funded  by  MVAIR7 
Mhy? 


micAop'ioceA&o'L,  lay  out  the  architecture  of  an  FPLA,  etc.  There  is  a para- 
dox here  that  must  be  considered.  Device  manufacturers  want  the  freedom 
and  flexibility  to  modify  their  products  as  they  see  the  need*  of  the 
marketplace.  DoV- directed  top-dom  technology  direction,  even  though  well- 
intentioned,  could  lead  the  1C  industry  into  an  area  or  product  group 
which  ultimately  could  turn  out  to  be  wrong.  The  present  structure  of 
the  LS1/1C  marketplace  consists  o^  multiple  and  distributed  technologies , 
processes,  and  expertise,  competing  freely.  While  this  structure  is  far 
from  perfect,  it  may  be  preferable  to  a Federally- controlled  device/ 
technology  program.  A compromise  solution  may  be  for  the  military  to 
identify  its  LSI  needs  from  a functional  rather  than  a device  perspective. 
In  this  way  the  LSI  manufacturers  could  competitively  create  what  they 
feel  are  the  best  technologies , architectures,  and  processes  to  perforin 
the  required  function. 

« * * 

S.  Future  avionics  systems  will  require  microcircuits  with  more 
functions  that  go  faster.  This  is  not  unlike  industrial  needs.  Conse- 
quently, the  semiconductor  industry  will  develop  the  basic  technology  to 
accomplish  this  without  significant  sponsorship  from  VoV.  VoV  and  VAl/AIR 
should  concentrate  their  efforts  on  programs  which  get  the  technology  into 
a form  they  can  use,  such  as: 

• LSI  building  blocks  (specific  devices) 

• Standard  cells  and  computer-aided  design 
technological  improvements 

• Special  packaging  and  handling  technologies 
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Question  18:  What  semiconductor  technologies 
•re  required  for  future  avionics  systems  that 
will  not  be  available  In  a timely  manner  as 
spin-offs  from  non-military  products?  What 
developments  should  be  funded  by  MAVAIR? 

Why? 


• Low  poweA  and  radiation  haAdened 
technologieA  deAigned  to  meet  militaAy 
need*  AatheA  than  induAtAial 

• GoAa  development 

couAAe,  NAl/AIR  and  VoV  Ahould  be  tn  AeaAch  ofi  thoAe  new) 
technologieA  which  have,  a high  payo ^ &oa  both  the.  militaAy  and  InduAtAial 
maAketA,  but  have  high  AiAkA  aA  well;  and  theAefioAe  aAe  not  intentionally 
funded  by  the  AemiconductoA  InduAtAy.  In  theAe  caAeA,  VoV  development 
fiundi  coutd  be  veAy  elective  in  initiating  a new  technology. 

* * * 

9.  In  teAmA  o & fiutuAe  AemiconductoA  technology  development, 
thAce  oacoa  Ahould  be  con&ideAed:  (7)  design,  (2)  pAoceAA,  and  (3)  teAt. 
In  the  deAign  aAea,  new  modelA  $oa  AubmicAon  deviceA  aAe  AequlAed.  In 
the  pAoceAA  aAea,  new  equipment  and  techniqueA  aAe  AequlAed.  In  the  teAt 
aAea,  new  teAt  philoAophleA  aAe  AequlAed.  The  deAign  and  pAoceAA  aAeaA 
will  be  dnlven  in  the  medium  a peed  bipolaA  and  medium  to  high  Apeed  M0S 
by  the  cormeAclal  maAketA.  HoweveA,  the  veAy  high  Apeed  bipolaA  pAoceAAeA 
Auch  aA  GakA  will  pAobably  AequlAe  additional  militoAiy  funding.  In  addi- 
tion, the  aAea  ofi  LSI  teAtlng  could  benefit  &Aom  additional  milltaAij 
funding  in  teAmA  of,  teAt  philo Aophy  development. 

In  addition,  a quote  { \Aom  Intel'A  G.  MooAe  (B W OctobeA  24, 
1977)  may  be  appAopAiate  heAe  in  teAmA  ofa  the  thAuAt  0($  new  technology: 
"It1  A not  cleoA  that  we  know  what  to  do  with  . . . (Aomethlng)  ...  10 
timeA  moAe  complex  than  today' a . . . ( deviceA ) ....  It  may  tuAn  out 
to  be  moAe  impoAtant  to  deAign  betteA  clAcultA  o(,  Icaa  complexity." 
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Question  #8:  What  semi  conductor  technologies 
ere  required  for  future  avionics  systems  that 
will  not  be  available  In  a timely  manner  as 
spin-offs  from  non-military  products?  Mhat 
developments  should  be  funded  by  NAVMft? 

<*»? 


The  leading  future  commercial  LSI  and  VLSI  technology  is 
NMOS.  Unfortunately , NMOS  i*  the  least  definable  of  the  { \uture  LSI  6<uni- 
conductor  technologies  when  considering  nucleon,  radiation  hardening 
requirements . CHOS/SOS,  I L,  and  T L offer  increased  capabilities  in 
this  area,  but  they  will  not  approach  NMOS  in  commercial  usage.  With 
the  exception  of  1 L,  commercial  usage  o f LSI  bipolar  technologies  will 
be  inhibited  by  larger  area  per  gate  and  power  dissipation  requirements, 
future  funding  may  be  required  to  assure  that  essential  CUOS/SOS  and  I L 
LSI  products  will  be  developed  and  refined  to  meet  future  military  system 
requirements . 

* * * 

10.  We  are  not  in  a position  to  comment  on  the  overall  techno- 
logy needs  that  should  be  funded.  In  the  medium  to  high  GHz  frequency 
range,  GaAs  appears  to  be  a viable  technology  to  develop;  however,  at 
present  we  have  no  applications  requiring  these  frequencies . 

The  trend  toward  use  of  radiation  hardened  devices  suggests 
possible  heavy  military  funding  in  development  of  technologies  and  process 
capabilities  in  this  area. 

We  also  suggest  that  NAl/AIR  take  a good  look  at  the  pos- 
sible development  of  multi-level  logic  devices  and  software  techniques 
to  evaluate  their  promises  of  even  greater  weight  and  size  savings. 

* * * 

7 7 . One  technology  that  will  be  required  in  future  avionics 
systems  and  that  will  not  be  available  in  a timely  manner  as  a spin-off 
from  non-military  products  is  radiation  hardened  technology.  CMOS/SOS  is 
a technology  that  has  inherent  radiation  hardness  qualities.  However, 
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Question  18:  Whet  semiconductor  technologies 
•re  required  for  future  avionics  systems  that 
mill  not  be  available  In  a timely  manner  as 
spin-offs  from  non-mi Htary  products?  What 
developments  should  be  funded  by  NAVAIt? 

Why? 


military  funding  i*  required  to  develop  derign  aid*  *uch  a*  *tandard  cell* 
and  univerral  array*  that  will  enhance  the  inherent  hardner*  and  will  be 
u*e^ul  to  meet  cui tom  LSI  requirement*  &or  hardened  avionic*  equipment. 

NAVAIR  should  £und  the  development  ofi  thii  technology  and 
the  enhancement  o £ it*  hardne**  cajxibiiitic* , a*  well  a*  rtandard  celt 
^amilie*  and  univenal  array*.  Technology  choice  i*  an  even.- changing 
panorama. 

* * * 

12.  The  ba*ic  manufacturing  and  circuit  technologic*  required 
{on.  future  military  *y*tem*  are  being  developed  and  evolved  by  indurtry 
on  it*  own.  It  i*  e*pec ially  important  that  the  military  re* Viict  the 
u*e  0(5  *pecialty  technologic*  which  one  not  likely  to  be  u*ed  and  devel- 
oped by  indurtry  on  it*  own.  Wc  believe  that  integrated  injection  logic 

(I ^ l)  be*t  fulfill*  military  requirement*  and  i*  likely  to  be  u*ed  widely 

2 

in  commercial  LSI  al*o.  Ule  are  pre*ently  u&ing  I L in  over  15  cu*tom 
LSI  circuit*. 

Government  funding  ihould  be  vectored  toward  the  develop- 
ment 0(5  LSI  and  VLSI  function*  which  are  either  unique  to  mo*t  military 
*y*tem*  or  which  are  required  bi/  military  advanced  development  program* 
iooner  than  normal  indu&try  progre* * would  permit..  Unique  function* 

*hould  be  re*tricted  to  item*  oj 5 general  military  applicability  *uch  a* 
MIL-STV-1553  bu*  interface  proce**on , NTVS  bu*  interface  proce**or*,  etc. 
However,  there  device*  *hould  be  developed  a*  compatible  member*  0| 5 exi&t- 
ing  qualified  (5 amilie * a*  indicated  in  the  re*pon*e  to  Quertion  1. 

Government  funding  can  al*o  be  vectored  to  accelerate 
development  o (5  device*  *ooner  than  commercial  demand  would  warrant.  Thi* 
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Question  #8:  Whit  semi  conductor  technologies 
•re  required  for  future  avionics  system  that 
will  not  be  available  In  a timely  manner  as 
spin-offs  from  non-military  products?  What 
developments  should  be  funded  by  NAVAIA? 

Mqr  t 

funding  will  likely  have,  the  long-teAi n e^ect  of  stimulating  commercial 
technology  growth.  For  example,  consider  the  case  of  a military  advanced 
development  program  whose  size,  weight,  power,  and  cost  objectives  require 
the  use  0({  a single-chip  microcomputer  device  having  twice  the  memory 
available  in  pxesent  commexcially  available  devices.  The  pxobable  xeason 
the  commexeial  maxket  has  not  caused  development  of  this  device  yet  is 
that  the  txade-o ^ of  commexeial  volume  vexsus  pxice  [manufacturing  yield) 
is  not  yet  favorable.  Note  that  development  of  such  a device  is_  techni- 
cally feasible.  The  smallex  volumes  required  by  the  militaxy  in  advanced 
development  phases  axe  not  thxeatening  to  the  semiconductox  manufacturer. 
Therefore,  govexnment  funding  of  advanced  device  functions  such  as  this 
can  accelexate  availability  of  these  functions  for  militaxy  advanced 
development  while  having  the  likely  side  effect  of  stimulating  moxe 
xapid  evolution  of  the  commexeial  maxket. 

Govexnment  funding  should  also  be  used  to  suppoxt  testing 
and  verification  0|$  device  performance  xelative  to  unique  militaxy  require 
ments  such  as  xadiation  haxdness  testing. 

Govexnment  funding  should  emphasize  device  development  to 
increase  the  level  of  function  integration  pex  integrated  circuit  as 
opposed  to  emphasizing  circuit  speed.  System  requirements  fox  speed 
should  be  met  through  use  of  improved  system  architectures  which  exploit 
the  use  of  VLSI  circuits.  This  is  the  approach  which  commercial  techno- 
logy has  followed  and  which  has  caused  the  explosion  of  very  low  cost 
consumer  and  commercial  electronics.  If  device  speed  continues  to  be 
a requirement,  it  is  much  more  practical  to  improve  circuit  speed  once 
the  correct  level  of  device  integration  has  been  achieved. 

• • • 
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Ou*»t1o«  #8:  What  semi conductor  technologies 
ere  required  for  future  avionics  systems  that 
«111  not  be  available  In  a timely  manner  as 
spin-offs  from  non-military  products?  What 
developments  should  be  funded  by  NAVA I R? 


73.  I question  whethen  It  would  be  advisable  to  use  any  techno- 
logy -in  mllltany  equipment  which  Is  [on  was ) not  produced  In  quantity  ion 
commencial  uses.  The  high  volume  commenclal  pnoductlon  help s matune  and 
pnove  a technology  as  well  as  neveallng  any  Inherent  ialtune  mechanisms, 
li  the  expected  manket  ion  ICs  In  automobiles  Is  neallzed,  technologies 
which  meet  milltany  tempenatune  and  shake,  nattle,  and  noil  specli-icatlons 
should  be  available.  Special  technology  development  may  be  nequlned  to 
achieve  nadlatlon  handness,  and  unique  envlnormental  nequlnements  such  as 
a cnyo genic  atmos phene. 

* * * 

14.  The  only  technology  which  comes  to  mind  Is  SOS;  howeven, 
othen  technologies  with  slmllan  chanactenlstlcs  may  exist.  Such  techno- 
logies would  have  some  oi  the  iollowlng  chanactenlstlcs: 

a.  Too  expensive  ion  commenclal  applications . 

b.  Supenlon  penionmance  chanactenlstlcs. 

c.  Not  limited  to  one  on  two  suppllens. 

d.  A commitment  on  potential  commitment  by  systems  houses 
to  use  the  technology  In  systems  with  a nelatively  long  Hie  span. 

NAPAIR  should  conslden  iundlng  Impnovement  In  the  documen- 
tation oi  the  existing  CAP  pnognams  ion  automated  chip  layout  and  design. 
Although  these  pnognams  pnesently  exist,  the  documentation  Is  generally 
Inadequate.  Any  onganlzatlon  deslnlng  to  use  the  pnognams  must  pay  a 
nelatively  high  "Initiation  iee"  In  computen  time  and  expenlmentatlon 
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Question  18:  What  semiconductor  technologies 
ere  required  for  future  avionics  systems  that 
•HI  not  be  available  In  • timely  manner  as 
Spin-offs  from  non-military  products?  What 
developments  should  be  funded  by  NAVAI87 
Why? 


before  enough  is  known  about  the  programs  to  use  them  effectively.  Good 
documentation  of  the  "cook  book"  type  would  eliminate  much  of  this  and 
encourage  additional  use  of  the  programs. 


MAI/AIR  should  also  fund  the  development  of  additional 
standard  celts  and  cell  libraries  in  the  SOS  technology.  At  present  the 
choice  -is  very  limited,  forcing  users  to  design  their  om  custom  cells. 
These,  of  course,  are  proprietary  and  not  available  to  other  organizations . 
It  would  probably  be  desirable  to  fund  the  development  of  a cell  family 
with  characteristics  that  are  different  from  those  of  existing  libraries. 
Possible  examples  are  minimum  area  or  greater  operating  voltages. 

* » * 


15.  No  comment  on  the  first  question.  As  to  the  second,  devel- 
opment  of  mask  generation  capabilities  utilizing  multiple  technologies 
should  be  established  within  each  military  contractor.  Most  military 
systems  requiring  the  use  of  custom  LSI  do  not  result  in  sufficient  pro- 
duction quantities  to  entice  device  manufacturers  to  commit  engineering 
resources  to  the  design  effort.  Therefore,  the  user  must  be  capable  of 
performing  a significant  portion  of  the  design  using  the  rules  established 
by  the  device  manufacturer. 


16.  No  comment. 


« * « 


* * * 

17.  All  currently  available  semiconductor  processes  are  or  soon 
will  be  available  for  use  in  military  products.  Liquid  crystal  displays, 
although  not  a semiconductor,  are  needed  for  future  avionics  systems. 

The  current  maximum  operating  temperature  is  85°C  but  100°C  parts  are 
needed  for  cockpit  displays. 

* * * 
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Question  #8:  What  semiconductor  technologies 
•r*  required  for  future  avionics  systems  that 
mill  not  be  available  In  a timely  manner  as 
spin-offs  from  non-military  products?  What 
developments  should  be  funded  by  NAVA] It? 

Why? 


18.  CommeAcial  semiconductoA  houses  w ill  Aoon  pAovide  advanced 
LSI  [at  the  2 micAometeA  design  all les)  asking  electAon  beam- ^abAicated  Low 
defect  masks.  HoweveA,  high  peAfioAmance  (Low  poweA,  high  speed)  custom 
LSI  using  sub-micAometeA  design  Aule 6 will  not  be  available  commeAcially 
u.ntiJL  1985  on  late*.  CeAtain  militaAy  avionic s applications  cannot  mil 
that  long- -modest  quantities  0|(  sub-micAometeA  LSI  must  become  available 
by  1980-1981 . In  ondeA  to  meet  these  new  system  needs,  NAl/AIR  should 
suppont  compute*- contAo  tied  electAon  beam  diAeel  wa^e a expos uAe  technology 
in  general,  and  in  paAticula*  high  thAOughput  electAon  beam  system  devel- 
opment, advanced  Aesist  development  technology,  advanced  clAcuit  design, 
and  Aenovation  ofa  pAevious  concepts  on  the  tAansition  (, Aom  device  concept 
to  digitized  patteAn  data  tapes. 

* * * 


19.  No  comment. 

* « • 

20.  Kt  the  19  OctobeA  1911  FSC  5962  cooAdination  meeting  held 
at  PESO  in  Dayton,  Ohio,  an  excellent  pAesentation  ofa  how  fia*  ahead  we 
would  look  and  have  a Aeasonable  degree  ofi  ceAtainty  AegaAding  the  tech- 
nology that  would  be  employed  in  fiutuAe  equipments  was  pAovided  by  AIA. 
It  is  A ecormended  that  VESC  be  contacted  fioA  a copy  oft  the  AIA  pAesenta- 
tion including  next  geneAation  technology  AequiAements  ( 3 yeaAS ) . 

* * * 
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I.  Question  #9:  What  changes  should  be  made  to  existing  MIL- 
speci fications , standards,  requirements,  and  policies  to  facilitate  the 
introduction  of  advanced  LSI  technologies?  (Be  specific.) 

Highl ights : 

Suggestions  resulting  from  the  respondents'  replies  to  this 
question  are  listed  below: 

• Change  MI L-M-3851 0 qualification  by 
allowing  submittal  of  existing  design 
test  data  to  satisfy  the  qualification 
requirements. 

• Update  MIL-HDBK-217B  to  include  reason- 
able failure  data  for  complex  monolithic 
LSI  devices. 

• Consider  the  JC13.2  Committee  recommen- 
dations on  MIL-M-3851 0 JAN  IC  devices. 

• Lot  qualification  testing  is  too 
extensive  and  costly. 

• Utilize  the  DESC  "Selected  Item  Drawing" 

(mini -spec)  approach  to  allow  more  effi- 
cient introduction  of  LSI  technologies. 

• Replace  the  controversial  MIL-STD-883 
chip  visual  requirements  with  a 
comprehensive  electrical  test. 


122 


NAC  TR-2221 


Question  #f:  What  changes  should  be  node 
to  existing  MIL-specI flcatlons , standards, 
requirements,  and  policies  to  facilitate 
the  Introduction  of  advanced  semiconductor 
technologies?  (M  specific.) 

• Develop  translator  programs  to  convert 
the  test  vector  listing  on  the  MIL- 
specification  for  standard  LSI  to 
popular  test  machines. 

• Qualify  various  vendor  cell  libraries. 

• Achieve  confidence  in  process-related 
areas  through  facility  certification. 


Industry  Replies: 


1.  The  Joint  Electron  V evice  Engineering  Council  JCI3.2 
Committee  on  Government  Liaison  for  Microelectronic  Devices  has  recently 
developed  a matrix  of,  coit- effective  suggestions  related  not  only  to  LSI 
but  to  all  JAN  ICa.  (See  page  79.) 

* * * 

2.  The  qualification  of  device  type*  is  too  cumbenomc  at 
present,  even  u)hen  well  understood  technologies  are  used.  Lot  quali- 
fication testing  is  also  too  extensive  and  costly. 

* * * 


3.  No  comment. 

* * * 

4.  This  is  a highly  complex  question  ivith  business,  technical, 
and  pseudo -political  ramifications.  I Mill,  basically  pass,  except  to 
say  again  that  schedule  times  are  often  a severe  limitation  to  the  intro- 
duction of  advanced  LSI  technologies. 

• * * 
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Question  #9:  Whet  changes  should  be  node 
to  ealstlng  NlL-sptcl ficatlons . standards, 
requirements.  and  policies  to  facilitate 
tha  Introduction  of  advanced  semiconductor 
technologies?  (Bo  specific.) 


5.  PESC  7XXXX  Mini- Specification. 

» • « 

6.  No  comment. 


* * * 

7.  The  changes  that  should  be  incoxpo noted  axe : 


a.  Utilize  industry  to  select  the  pxoduct  base  and  then 
fund  fax  the  evaluation  o f these  devices.  This  would  alleviate  the  pro- 
liferation o f devices. 

b.  Amend  M1L-M-38510  to  allow  fax  the  qualification  of 
devices  built  "off-shoxe." 

c.  AR-10A  mu st  be  claxified  and  xevised  fox  subassemblies 
containing  both  MSI  and  LSI  components. 

d.  AR-10A  should  addxess  fault  detection  separately  fxom 
fault  isolation.  Fox  example,  fault  detection  should  be  to  a specified 
pexcentage  18 5?)  and  fault  isolation  to  a specified  number,  of  components 
It fax  example,  4). 


These  faults  should  be  xestxicted  to  " xelevant " faults, 
i.e.,  affecting  the  operation  of  the  device,  xathex  than  all  "possible" 
faults  which  could  occuX. 

Measurement  techniques  must  be  developed  fox  functional 
test  coverage  which  are  compatible  with  "stuck  fault"  test  coverage  so 
that  a test  coverage  figure  fox  the  entire  subassembly  can  be  computed. 
Reliability  data  should  also  be  factored  into  these  calculations  to  give 
heavier  weighting  to  those  components  with  a higher  failure  rate. 


l 


' 


r 
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Question  #9:  Hhat  changes  should  be  made 
to  existing  WIL-specIflcatlons,  standards, 
requirements.  and  policies  to  facllltete 
the  Introduction  of  advanced  semiconductor 
technologies?  (le  specific.) 

e.  Utilization  of,  the  VESC  "Selected  Item  Drawing"  I mini- spec) 
approach  should  be  emphasized,  since  this  u)itl  allow  for  more  efficient 
introduction  of,  LSI  technologies  and  obtain  industry  standardization  and 
control  at  the  same  time. 

* * * 

8.  Appropriate  changes  have  been  previously  suggested,  namely: 

a.  Economics  often  dictates  less  than  100 % test  character- 
ization [fault  coverage). 

b.  Reduced  visual  criteria  for  LSI  devices. 

* * * 

9.  As  a minimum,  the  following  specifications  will  require 
changes:  ML-E-5400,  MIL-M-3S510,  M1L-STV-883,  MIL-M-2*7$7,  and  M1L-STV- 
1389.  For  custom  LSI  low  usage  devices,  the  following  should  be  considered 
as  an  addition  or  replacement  to  the  present  standard  requirements  and 
specifications  placed  on  microcircuits  : 

a.  Investigate  new  package  schemes  [e.g.,  chip  carriers, 
tape  bonding,  etc.);  M1L-M-38510. 

b.  Replace  the  controversial  M1L-STV-883  chip  visual  require- 
ments with  a comprehensive  electrical  test  such  as  Guard  Sand  tests  exceeding 
rated  voltages. 

c.  Replace  the  standard  qualifications  with  a mini-qual. 

For  standard  LSI  (i.e.,  microprocessors) , translator  programs 
which  convert  the  test  vector  listing  on  the  MIL- spec  to  popular  test 
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Question  #9:  What  changes  should  be  made 
to  (listing  Mll-specl flcatlons . standards, 
requirements,  and  policies  to  facilitate 
the  Introduction  of  advanced  semiconductor 
technologies?  (le  specific.) 

machinen  U.e.,  Sentry  II,  Teh  3260,  MP  500,  etc.)  would  speed  up  accept- 
ance o f MI L-devicen. 

Fon  cuntom  and  quani-Atandard  LSI,  create  a new  Apecifica- 
tion  neglecting  the  final  nenultn  oft  thiA  Aunvey.  Minimize  initial  and 
nequalification  teAt  coAtA.  Specify  the  qualification  of  vanioun  vendonn' 
cell  libnarien  with  the  emphaAiA  being  placed  on  pnoof  teAting  an  oppoAed 
to  laying  to  obtain  univennal  agreement  on  the  Apecification  of  pnocenA 
and  deAign- related  panametenn  Auch  oa  line  ividthA  and  ApacingA.  Requite 
vendonn  to  nequalify  packaging  related  factonn  once  pen  yean  ( aAAuming 
no  deAign  on  pnoceAA  changeA ) fon  each  package  configunation  u Aed,  not 
fon  each  package- LSI  chip  combination.  Achieve  confidence  in  pnocenn- 
nelated  a neaA  tknough  a facility  centification  pnognam  Aimilan  to  that 
being  uAed  in  conjunction  with  M1L-M-28787. 

* * * 

10.  The  motivation  fon  uAe  of  advanced  LSIC  technologieA  exiAtA 
in  the  potential  advantageA  they  have  to  of fen.  Howeven,  the  high  coAtA 
of  a conventional  MI L-M-  385 10- type  qualification  can  be  devoAtating  ^on. 
a low  uAage  application.  Such  LSJCa  one  uAually  deAigned  fon  a Apecific 
application  oa  pant  of  a langen  entity  ( i.e .,  AubAyAtem,  AyAtejn,  etc.) 
which  Ia  itAelf  -subjected  to  environmental  and  neliability  qualification 
teAtA.  AliowanceA  Ahould  be  made  to  uAe  the  data  generated  in  theAe  tests 
to  qualify  the  LSIC.  ( ThiA  iA  analogouA  to  painted  circuit  board  assem- 
bles tented  as  pant  of  a higher  aAAembly.)  The  degnee  of  additional 
tenting  on  individual  LSICa  would  be  dependent  upon  the  ninkn  involved 
in  the  denign.  Thene  ninkn  could  be  minimized  and  thun  the  amount  of 
tenting  neduced  on  denignn  which  one  the  denign  nulen  and  Atandard  celln 
that  have  been  qualified  through  the  CAP  destgn  center  pnognam  mentioned 
in  the  nenponAe  to  Quention  7.  The  LSICa  would  alno  have  to  be  fabricated 
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Question  #9:  Whet  changes  should  be  made 
to  existing  hr. sped ficat'ons.  standards, 
requirements,  and  policies  to  facilitate 
the  Introduction  of  advanced  semiconductor 
technologies?  (Be  specific.) 


by  a source  that  has  demonstrated  "process  compatibility"  to  qualify  h°r 
the  minimum  risk  category. 

R equalihication  tut  requirements  should  also  be  minimized 
by  taking  advantage  oh  the  device  history  generated  in  device  bum-in,  end 
item,  on  system  tutA  including  burn-in,  and  actual  hield  data. 

* * * 

7 7.  Military  spedhieations  Ahould  recognize  the  dihhieulty  and 
increased  coAt  involved  in  detailed  viAual  inApection  oh  complex  LSI  deviceA. 
High  voltage  and  high  temperature  stress  teAtA  and  extended  bum-in  teAtA 
Ahould  be  AubAtituted  hofL  viAual  inApection.  ThiA  important  approach  was 
diAcuAAed  at  the  A uguAt  7977  IPA  SympoAium  addressing  the  uAe  oh  LSI  in  mili- 
tary equipment.  Tut  results  reported  there  indicated  that  proper  stress 
teAtA  gave  more  reliable  parti  than  present  viAual  inspection  criteria. 

M7L-HP8K-277B  handicaps  the  use  oh  LSI  devices  by  projecting 
unrealistically  bad  hoilure  rates  h°*  LSI.  Industry  data  does  not  support 
the  MIL-HP8K-2I7B  approach  (Jon.  predicting  hoilure  rates  h°r  LSI.  M1L-HVBK- 
21 78  also  unduly  penalizes  M0S  technologies . Current  h&vorable  WPS  h<-dd 
reliability  data  needs  to  be  rehlected  in  a revised  MIL-HPBK-277B. 

* * * 

72.  The  holloaing  changes  are  recommended : 

a.  Specihy  device  operating  temperatures  such  that  devices 
meeting  a -40° C to  +85°C  operating  temperature  are  acceptable  h or.  use. 

This  is  adequate  i for  many  military  applications  and  allows  adequate  margins 
hor  early  LSI  device  production  distributing.  A s production  processes  ma- 
ture, the  standard  -55 °C  to  +125°C  device  operating  temperature  is  achieved. 
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&»«t1on  If:  Wtet  changes  should  be  ooda 

to  existing  MIL-specIflcatlons,  standards, 
requirements,  and  policies  to  facilitate 
the  Introduction  of  advanced  semiconductor 
technologies?  (le  specific.) 


fa.  Allow  use  devices  packaged  in  plastic.  Bu rn-in  and 
additional  screening  mag  be  specified. 

c.  Pa e- cap  inspection  0|$  LSI  and  VLSI  devices  has  become 
impractical  due  to  the  multiple  levels  o f the  device  fabrication  process 
and  the  extraordinary  geometric  detail  of  the  devices. 

Pre-cap  inspection  criteria  should  be  reduced  to  focus 
on  inspection  of  the  device  packaging  and  bonding  quality.  Verification 
of  functional  attributes  should  be  accomplished  by  functional  testing  at 
extended  temperatures  over  a prescribed  number  of  temperature  cycles. 

d.  Reduce  burn-in  temperature  from  7 25°C  to  the  maximum 
operating  temperature  where  applicable. 

* * * 

13.  a.  A ccept  warranties,  production  guarantees,  or  purchase 
of  an  adequate  supply  of  parts  as  an  alternative  to  second  source  require- 
ments and  to  protect  against  technology  changes. 

fa.  Where  possible,  extend  lead  times  on  avionics  develop- 
ments to  allow  the  "risk"  of  custom  development  to  be  minimized.  This  may 
require  more  multi-year  contracts. 

c.  Require  life  cycle  costs  to  be  considered  when  awarding 
prototype  development  contracts.  These  should  include  the  cost  of  attri- 
butes such  as  size,  weight,  power,  reliability,  etc. 

d.  Remove  lot  traceability  requirements. 

e.  Alter  MIL-STD-2178  to  better  apply  to  LSICs. 

* • • 
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Question  #9:  What  changes  should  be  made 
to  existing  HIL-specIflcatlons,  standards, 
requirements,  and  policies  to  facilitate 
the  Introduction  of  advanced  semiconductor 
technologies?  (le  specific.) 

14.  Apply  Ml L-M- 38510  to  equipments  rather  than  to  LSI  chip*. 
Most  sem iconductor  mnu.6aatuAe.su>  axe  not  willing  to  quoting  a tine  for  the 
t>mll  numbers  of  device*  required  in  militaAij  systems.  This  situation 
should  be  recognized. 

* * * 


15.  M1L-M-35810,  paragraph  4.2.2,  "Qualification,"  should  be 

changed  to  allow  submittal  of  existing  design  test  data  to  satisfy  the 
qualification  requirement*  in  lieu  of  a *eparate  complete  qualification 
tCot  program. 


Ml L-HVBK-21 7B  mu*t  be  updated  to  include  reasonable  failure 
data  for  complex  monolithic  device*.  Industry  failure  data  indicate*  a 
significantly  lower  failure  rate  than  that  presently  in  Ml  L-HVBK-21 7B. 

The  data  should  include  necessary  variations  in  failure  rates  for  the 
specific  technologies . 


16.  No  comment. 


17.  No  comment. 


18.  No  comment. 


* * * 


* * * 


* * * 


* * * 


19.  The  work  being  coordinated  by  RAVC/RBRM  is  in  the  proper 


direction. 


20.  No  comment. 


* * * 


* • * 
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J.  Question  #10:  In  what  ways  could  avionics  equipment  procurement 
practices  and  policies  be  changed  to  enhance  the  introduction  of  advanced 
semiconductor  devices? 

Highlights: 

Predominant  suggestions  were: 

• NAVAIR  should  commit  to  its  LSI  supplier 
early  enough  in  the  procurement  process 
for  the  projected  contract  production  run. 

• More  rapid  equipment  development,  shorter 
equipment  procurement  cycles,  and  planned- 
for  technology  upgrades  of  equipment 
should  be  considered. 

• There  should  be  higher  weighting  of  the 
impact  of  LSIC  on  life  cycle  cost  analysis 
and  program  funding  procedures  compatible 
with  minimum  LCC,  instead  of  minimum 
developmental  cost. 

Industry  Replies: 

/.  It  is  suggested  that  you  establish  a team  concept  whereby  the 
contractor  and  a semiconductor  manufacturer  are  selected  to  work  together 
to  develop  avionics  gear  which  uses  advanced  semiconductor  devices.  In 
this  way  they  are  driven  by  the  same  motivations  and  quite  likely  you  would 
see  an  introduced  acceleration  factor  in  the  use  of  LSI  to  solve  specific 
application  requirements.  This  approach  has  been  used  quite  successfully 
by  the  automotive! semiconductor  houses  in  recent  contracts  for  1978  model 
year  controls.  If  it  worked  there,  it  should  work  for  NAVAIR. 

* * * 
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Question  #10:  In  whit  ways  could  avionic* 
equipment  procurement  practice*  and  pollcle* 
be  chanqed  to  enhance  the  Introduction  of 
advanced  semiconductor  devices? 


2.  I believe  that  the.  Navy  mould  be  better  off  to  develop  major i 
electronic  equijjment  independently  of,  specific  meapon  systems,  and  to  up- 
grade designs  in  f ive  to  ten  yean,  cycle s . This  in  turn  requires  strong 
modularization  at  the  subsystem  level  [computers , memories,  etc.)  and 
interface  standardization.  Trends  in  this  direction  do  exist  already,  but 
present  program  management  and  procurement  practices  are  not  conducive  to 
this  approach. 

* * * 

3.  Re-evaluate  M. 1 standards  and  attitudes , e.g.,  "plastic" 
packaging  mas  bad  ten  years  ago,  ergo,  it's  bad  today! 

* * * 

4 . No  comment. 


* * * 

5.  When  specifications  are  released,  the  Government  should 
fund  qualification  and  characterization  programs  rather  than  matting  for 
a manufacturer  to  use  internal  funding. 

* * * 


6.  No  comment. 

* * * 

7.  NAVAIR  should  commit  to  its  LSI  supplier  early  enough  in  the 
procurement  process  for  the  projected  contract  production  run.  This  mould 
allow  the  supplier  to  amortize  his  non-recurring  start-up  costs  and  signi- 
ficantly reduce  his  recurring  cost.  Obviously,  the  technology/performance 
problem  exists  here,  which  makes  such  a commitment  a serious  gamble.  There 
is  no  incentive  for  a NAl/AIR  program  manager  to  commit  tc  a production  run 
on  a new  program  even  before  the  new  product  has  been  thoroughly  evaluated. 
Or,  at  the  very  least,  the  supplier  could  be  funded  to  buy  and  store  LSI 
semiconductors  in  wafer  form,  pending  the  production  authorization  from 
NAl/AIR. 
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Ou»»tio«  #10:  In  uftat  nays  could  avionic* 

•qulpaant  procurement  practtco*  and  poltcto* 

la  chanqod  to  oofcouco  tha  Introduction  of 
advanced  tool  conductor  device*? 

Two  major  problem!)  in  pKoc.uA.vme.nt  practicex  and  policieA  axe-. 

• Semiconductor  Aecond  AouAcing 
- Multiple  a malt  quantity  pAocuAmentA 

Each.  of  thexe  itemA  iA  addrexAed  in  tuAn  in  the  following  paAagAiphA. 

Custom  LSI  AemiconductoAA  axe  not  practical  when  Aecond 
AouAcing  iA  alAo  required.  Second  AouAcing  requirements  axe  impoAed  when 
competitive  pxicing  iA  deAixed,  when  altexnate  AouxceA  of  Aupply  axe  re- 
quixed  to  avoid  the  effects  of  natuAal  cataAtxopheA  ( eaxthquakeA , etc.), 
and  to  avoid  "Ioaa  of  Aecipe"  pAoblemA.  M OAt  cuAtom  LSI  iA  not  amenable 
to  Aecond  AouAcing  becauAe  the  AepAoduction  AunA  axe  insufficient  to  pro- 
vide  a viable  economic  opportunity  mo^ie  than  one  AupplieA.  The  other 
lAAueA  of  Aecond  AouAcing  can  be  dealt  with  by  pAo curing  sufficient 
deviceA  at  one  time  to  satisfy  the  entire  anticipated  AyAtem  production 
run,  including  Aioaxex.  Since  dicing  and  packaging  of  AemiconductoA 
deviceA  Ia  not  generally  a riAky  proccAA,  it  iA  AuggeAted  that  procure- 
ment 0({  LSI  deviceA  be  divided  into  diAcrete  AtepA: 

a.  Procure  sufficient  foully  packaged  deviceA  to  satisfy 
immediate  equipment  needA  and  Apare  paxtA . 

fa.  Provide  front  end  funding  to  fabricate  sufficient  wafers 
through  final  text  to  enAuAe  that  the  moAt  difficult  part  of  the  fabrica- 
tion proceAA  Ia  complete  and  successful  without  incurring  the  coaIa  of 
final  packaging.  The  wafer  fabrication  proceAA  Ahould  provide  Aufficient 
quantity  for  the  maximum  procurement  and  Apaxing  envisioned  during  the 
entire  life  of  the  equipment  in  quextion.  Thexe  wafexx  Ahould  be  placed 
in  bonded  Atorage  geographically  dixtributed. 
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Question  #10:  In  uhat  ways  could  avionics 
equlp-nent  procurement  practices  and  policies 
be  changed  to  enhance  the  introduction  of 
advanced  semiconductor  devices? 


c.  Vn.oc.uAe.  additional  device*  by  funding  the  packaging  and 
test  of,  device*  stoAtlng  hAom  waheA*  placed  In  long- team  stoAage. 

Following  the  suggestion*  above,  It  Is  possible  to  pAocuAe 
suhhlelent  device*  $oa  a long-teAm  system  without  IncuAAlng  all  the  co*t* 

In  the  $Aont  end.  The  *ugge*ted  appAoach  al*o  minimize*  the  Alik  assocla- 
ted  with  Ae&taAtlng  a pAoductlon  pAoce **  that,  may  have  become  ob*olete  by 
the  time  the  component*  aAe  nequoied  in  pAoductlon  equipment. 

The  IntAoduction  o advanced  high- function  device*  [micAo- 
pAoce**0A* , bit  *llce*,  Fa*t  FouaIca  TAanshoAm  chip*,  etc.)  could  be 
encouAaged  thAough  speclhlcatlon  oh  equipment  function  AatheA  than  device 
peAhoAmance. 

* * * 

8.  MoAe  Aapld  equipment  development,  *hoAteA  equipment  pAocune- 
ment  cycle*,  and  planned-  ho  A technology  upgAade*  oh  equl/jment  could  enhance 
the  IntAoduction  0|$  advanced  iemiconductoA  device*. 

* * * 

9.  Establish  a itandaAd  avionic  module  (SAM)  pAogAam  and  manage 
the  pAoblem  at  thl*  level  wheAeveA  po**lble.  R equiAe  SAM*  to  be  speclhled 
hoA  technological  tAanspaAency  a*  ^ oa  a*  InteAnal  clAcuitAy  [Including  LSI) 
i*  conceAned.  RequlAe  SAM  deilgn  co*t  goal*  which  aAe  compatible  with 
loglitic  iuppoAt  thAow-away  co*t  thAe*hold* . Vo  not  AequlAe  extensive 
peAhoAmance  and  te*t  speclhlcatlon*  h°} 1 qua* l- itandaAd  and  custom  LSI 
device*;  SAM  *pecihlcatlon*  and  te*tlng  will  be  adequate  to  veAlhy  (5tmc- 
tional  capability.  RequlAe  SAM*  to  be  tested  oveA  the  Intended  tempeAa- 
tuAe  Aange.  StAuctuAe  SAM  test  pAogAams  In  a manneA  slmilaA  to  that  oh 
M1L-M-28787A.  Evaluate  LSI  design*  which  have  hlgheA  development  but 
lowe A pAoductlon/ maintenance  cost*  on  a llhe  cycle  co*t  basis.  Allow 
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Qoaitton  #10:  In  what  ways  cowl#  avionics 
aqulpvnt  patcor— nt  practical  an#  pollclas 
Oo  chanotf#  to  anhanco  tha  introduction  of 
advpnct#  saail conductor  davicas? 


trade-offs  between  peA($oAmnce  and.  schedule- -minimum  development  time 
schedules  preclude  or  minimize  LSI  mage. 

* * * 

10.  Higher  weighting  0|$  Pei-ign-to-CoAt/LijJe  Cycle  Cost  (PTC/ 

LCC ) features  along  with  long-term  warranty/ maintenance  features  need  to 
be  imposed.  The  payo for  me  of  LS7C  in  low  volume  applications  is  nor- 
mally  long  term  rather  than  short  term  as  for  high  volume  applications . 
Incremental  funding  has  a tendency  to  work  against  long  term  benefits. 

There  needs  to  be  some  vehicle  to  offset  this  disadvantage. 

It  should  also  be  recognized  that  the  me  of  cmtom  LSI 
in  development  programs  requires  the  expenditure  of,  "hard  tooling"  costs 
in  this  time  period  rather  than  in  the  production  portion  of  the  cycle. 

A ceAtain  amount  of  " hard  tooling"  funding  mmt  be  made  available  during 
the  development  and  prototype  build  cycle. 

• * • 

/ / . Avionic  equipment  procurement  practices  and  policies  should 
be  modified  to  encourage  the  me  of  LSI  devices.  Specifically , procurement 
needs  to  emphasize  minimum  life  cycle  costs  rather  than  minimum  initial 
development  costs  and  minimum  acquisition  costs  for  prototype  systems. 

LSI-based  equipment  designs  are  more  reliable  and  cost  less 
on  a production  basis  than  assemblages  of  catalog  SSI  and  MSI  devices. 
However,  the  initial  design  cost  is  often  lower  when  available  components 
are  med.  The  current  focm  on  minimizing  acquisition  costs  saddles  the 
equipment  with  an  undesirable  cost  and  reliability  burden  throughout  the 
production  cycle. 

* * * 
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Question  #10:  In  whet  myj  could  avionics 
equipment  procurement  practices  end  policies 
be  changed  to  enhance  the  introduction  of 
advanced  semiconductor  devices? 

12.  Requirements  to  use  parts  on  existing  qu alified  parts  lists 
should  be  removed  ^Kom  all  advanced  development  and  moit  englnee>itng  devel- 
opment contract s.  Instead,  contractors  executing  on  the-ie  pJiog'iamA  should 
be  r equired  to  specify  (/LSI  device  function*  which  are  required  to  meet 
government-specified  p/ioductlon  size,  weight,  power,  and  cost  goal*.  All 
advanced  development  and  most  engineering  development,  i.e.,  pre- prototype, 
program b should  substitute  modular  implementation!)  of  the  required  VLSI 
^unctiom . Thebe  modular  implementationb  can  be  implemented  ubing  current 
off-the-shel f components  and  serve  as  high-fidelity  models  of  the  required 
VLSI  chip  developments . This  approach  allows  a detailed  assessment  of  the 
complexity  Inumber  of  gates  and  bits  of  memory)  of  the  proposed  VLSI  cir- 
cuit development  while  providing  a test  bed  for  determining  the  functional 
requirements  of  the  device. 

* * * 

13.  a.  Accept  warranties , production  guarantees,  or  purchase 
of  an  adequate  supply  of  toasts  as  an  alternative  to  second  source  require- 
ments and  to  protect  against  technology  changes. 

b.  Where  possible,  extend  lead  times  on  avionics  develop- 
ments to  allow  the  "risk"  of  custom  development  to  be  minimized.  This  may 
require  more  multi-year  contracts . 

c.  Require  life  cycle  cost  to  be  considered  when  awarding 
prototype  development  contracts.  These  should  include  the  cost  of  attri- 
butes such  as  size,  weight,  power,  reliability,  etc. 

d.  Remove  lot  traceability  requirements. 

e.  Alter  MI L-STP- 2 1 78  to  better  apply  to  LSICs. 


i 
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Question  #10:  In  nfcat  nays  could  avionic* 
equipment  procurement  practlco*  and  policies 
bo  chanqed  to  enhance  the  Introduction  of 
advanced  semiconductor  devices? 


t$.  Allow  mllltany  &cA.eenXng  oi  commencial  QKa.dc  panto; 
don't  Insist  on  MI L-M- 38570. 

In  a ne.ce.nt  s tudy  oi  "lan ge  scale  Integnated  clnculto  ion 
mllltany  applications"  ion  WP&E  by  the  Institute  ion  Veiense  Analyses,  It 
was  shown  that  a decnease  In  avionics  weight  oi  one  pound  nesulted  In  a 
total  6-8  pound  weight  savings  In  a millany  alncnait.  Since  the  "ilyaway" 
cost  oi  a modenn  ilghten  plane  Is  about  $500/pound,  LSI  can  save  money  by 
neduclng  the  weight.  Eon  a satellite,  this  coit  can  be  a*  high  as  $15 ,000/ 
pound.  The  cost  pen  watt  has  been  estimated  at  $20  and  $2,000  ion  a plane 
and  a satellite,  nespectlvely.  lncneased  nellablllty  can  again  be  toans- 
lated  Into  coit  savings  due  to  the  neduced  maintenance  and  ipane  panto 
nequlnemento.  Thai,  mone  than  acquisition  costs  should  be  consldexed  In 
Implementation  studies. 

* * * 

14.  Pneienence  could  be  given  to  contoactoons  who  have  the  ability 
to  design  LSI  devices,  with  emphasis  on  automated  design.  Use  oi  advanced 
devices  could  also  be  evaluated  iavonably  In  the  evaluation  oi  pnoposals . 

A policy  oi  punchasing  all  expected  s panes  nequlnemento  at  the  time  oi  the 
Initial  contnact  would  alleviate  the  pnoblem  oi  obtaining  them  at  a much 
latex  date.  The  necessany  devices  might  be  punchased  as  pnobed  waiens  and 
Stoned  In  a contnclled  envlnonment. 

* * * 

15.  The  pnocunement  pnactlces  must  accommodate  the  limited  Hie 
cycle  oi  semiconducton  technologies.  This  must  include  allowance  ion  con- 
tinued updating  [l.e.,  nedeslgn)  oi  selected  pontoons  oi  systems . 

Development  times  must  be  neduced  to  avoid  deslgrung  dunlng 
the  Hie  oi  one  technology  and  toying  to  pnoduce  the  equipment  aiten  the 
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QuMtlon  #10:  In  what  ways  could  avionics 
equipment  procurement  practices  and  policies 
be  charged  to  enhance  the  Introduction  of 
advanced  semiconductor  devices? 


technology  peak  hai  disappeared.  This  will  alio  mean  that  "proven  design" 
can  no  longest  be  a paramount  comideration. 

* * * 

16.  No  comment. 

* * * 

17.  OEMi,  upon  receipt  ofi  a contract,  ihould  be  authorized  to 
make  a one-time  buy  ofi  all  custom  LSI  parti  in  order  to  reduce  the  recurring 
lot  charge i.  In  thii  caie,  NAl/AIR  would  aaume  all  rupomibility  &or  the 
quantity  ordered. 


IS.  No  comment. 


19.  No  comment. 


20.  No  comment. 
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K.  Question  #1 1 : How  should  the  Government  LSI  device  standard- 
ization efforts  be  directed  to  minimize  the  proliferation  of  devices,  but 
allow  timely  introduction  of  new  LSI  in  avionics  equipment? 

Highlights: 

Predominant  suggestions  resulting  from  the  replies  to  this 

question  are: 


• Device  standardization  and  timely  intro- 
duction of  new  LSI  in  military  systems 
seem  to  be  mutually  exlusive. 

• Standardize  on  standard  cell  families 
and  CAD  techniques. 

• Establish  a national  semiconductor  LSI 
data  base  function  to  include  forward 
projection  of  device  needs  and  device 
developments. 

• Restrict  the  technologies  used. 

• Focus  on  functional  standardization  at 
the  module,  interface,  and  device  ter- 
minal levels. 

Industry  Replies: 

/.  Why  not  eAtabllAh  a.  AtandaAd  paAtA  llAt  analogous  to  the.  pAe- 
olouAly  eAtubtlAhed  NAC  module  concept,  which  wonked  quite  AatlA  facto  Aily? 
In  Ao  doing,  It  would  be  well  to  cooAdlnate  to  the  g AeateAt  extent  poAAlble 
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Outltlon  111:  How  should  Govansaant  LSI 
<**»'ca  standardization  efforts  be  directed 
to  Minimize  tl><  proliferation  of  devices, 
but  allow  timely  Introduction  of  new  LSI 
In  avionics  eoulpawntf 


with  other  branches  of  the.  government  to  minimize,  the.  subsequent  logistics 
support  requirements  supported  by  PSA. 

* * * 

2.  a.  Restriction  o f technologies  in  use. 

b.  Establishment  of  a national  LSI  device  data  bank  access- 
ible by  compute a tenminal  to  military  agencies  and  suppliers. 

c.  Standardization  of  CAP  interfaces  and  of  chip  formats. 

d.  Availability  of  all  chip  design,  mask,  and  test  data 
of  Navy-procured  LSI  designs  to  all  contractors  with  an  established  need. 

* * * 

3.  I feel  that  the  two  goals  being  considered  here  are  diametri- 
cally opposite  to  one  another.  The  standardization  efforts  to  minimize 
proliferation  of  devices  will  automatically  slow  down  the  timely  introduc- 
tion of  new  LSI  parts  in  avionic  equipment.  The  standardization  efforts 
will  dictate  that  additional  time  be  used  to  bring  more  vendors  on  line 
with  a new  part.  This  would  certainly  slow  down  the  effort  to  get  newer 
devices  into  avionics  equipment.  Moreover,  NAl/AIR  volume  is  not  going  to 
be  high  enough  to  encourage  vendors  to  expedite  developments  in  order  to 
meet  the  standardization  requirements  in  a timely  fashion. 

* • * 

4.  Standarization  in  an  area  of  rapidly  changing  technology  is 
usually  unsuccessful.  Vo  not  try  to  standardize  too  early. 

* * • 

5.  The  government  should  encourage  forward  projection  studies 
as  are  presently  being  done  by  AT A and  El  A,  and  publish  this  information 
to  industry. 

• * * 
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Owtttoii  III:  Ho*  iHoull  sonrmot  LSI 
Hiwlco  Ittndaniuuoo  tffwtl  u tlrtttoO 
to  ■Intlllt  thf  prol I ff rotlpn  of  dtvlcil, 
Hot  oIIom  tlaoly  Introduction  If  m*  LSI 
l«  KlMlct  nulpaMtf 


6.  No  comment. 

* * * 

7.  ThzKe.  aAe  two  viable  levels  Ojj  LSI  device  standaAdization 
that  should  be  consideAed : 

a.  KAchitectuAal 

In  this  standaAdization,  the.  LSI  aAchitectuAe  would  be 
the  same  pAogAam  code  that  could  be  Aun  on  all  device  families.  Foa  example: 

• SOSO,  8085,  and  S0S6  fAom  Intel 

• Z-S,  2-80,  and  Z-S000  fAom  Zilag 

• Common  inteAfaces  Audi  ai  1553, 

RS-232,  oa  IEEE -4SS 

A s these  devices  evolved  fAom  simple  to  higheA  levels  of 
complexity,  standaAdization  which  Aesulted  in  no  changes  to  the  pAogAam 
:jde  used  would  be  veAy  beneficial  to  WAl/AIR. 

b.  Device- based 


In  this  standaAdization  scheme,  multiple  chips  could  be 
rneaged  into  one  complex  function  chip,  such  as  Intel  has  done  with  the  meA- 
geA  of  the  SOSO  CPU,  the  Clock  GeneAatoA,  and  the  System  ContAotleA  into  the 
SOS 5 micAopAocessoA.  This  meAging  of  functions , especially  if  it  can  be 
implemented  with  no  change  to  us eA  pAogAams,  can  significantly  impAove  the 
intAoduction  of  LSI  into  Navy  avionics  equipment. 

* * * 
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Question  111 : How  should  Goveneaent  LSI 
device  standardization  efforts  be  directed 
to  minimize  the  proliferation  of  devices, 
but  allow  tlweljr  Introduction  of  new  LSI 
In  avionics  equlpnentf 


S.  Function  *tandardlzatlon  l*  a po**lble  solution.  F on  example, 
*tandardlze  a bu*  Interface  function,  but  do  not  *pecify  the  technology  in 
which  It  mu*t  be  Implemented. 

* * * 

9.  Standardizatlo n effort*  should  be  focused  at  the  SAM  level 
to  provide  an  added  degn.ee  of  ln*en*ltlvlty  to  LSI  devices.  The  military - 
Industrial  complex  ha*  not  found  the  need  for,  nor  have  they  attempted  to 
minimize  the  proliferation  o f hybnld  device *.  The  use  o f LSI  should  not 
AequlAe  militar y contAol  significantly  above  and  beyond  that  for  hybnld* . 

Vevlce  standardization  program*  should  concentAate  on  the 
high  volume  commeAclal  LSI  aAea,  not  on  the  qua* l- standard  of  full  custom 
LSI  device*.  Foa  the*e  high  volume  LSI  device*,  the  pAe*ent  "minl-*pec" 
l**ued  by  RA VC/VESC  *hould  be  u*ed  to  Inform  otheA  military  complexe*  of 
thelA  availability.  Standardization  *hould  be  ba*ed  on  a "moving  window" 

In  which  new  device*  aAe  added  and  device*  ( \adlng  away  are  deleted.  CAeate 
an  LSI  *tandaAdlzatlon  committee  with  the  Ae*pon*lbillty  to  Aevlew  LSI  need* 
at  all  pha*e*  of  equipment  development,  Including  equipment  R SV  pAognam* 
Initiated  by  the  VoV  ( Navy ) labonatoAy  community.  A Aelatlvcly  *matl  tech- 
nically qualified  g Aoup  could  *tAongly  Influence  LSI  *tandaAdlzatlon  early 
In  the  development  cycle  and  al*o  maintain  a *en*ltlvlty  to  LSI  evolution 
a*  It  affect*  military  electronic*. 

* * * 

JO.  The  timely  dl**emination  of  information  on  pAeviou&ly 
designed  LSIC * and  Incentive*  for  their  u*e  on  new  de*ign*  *hould  go  a 
long  way  to  minimize  proliferation  of  device*.  However,  there  l*  danger 
In  blindly  following  thl*  approach.  Ullth  the  ihorter  life  cycle*  of  the 
IC  technologie*,  nearly  obsolete  technologic*  could  be  designed  Into 
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Question  #11:  Mm  should  townwnt  LSI 
device  standardization  efforts  be  directed 
to  elnlelze  the  proliferation  of  devices, 
bet  allow  tlaely  Introduction  of  nee  LSI 
to  avionics  eeelpaentT 

future  equipment.  Also,  by  defining  system  architectures , common  function* 
can  be  better  defined  and  standard  LSICs  developed. 

* * * 

11.  Functionally  partitioned  system s can  be  updated  to  ut>e  LSI 
parts  without  several  cost  penalties.  Proliferation  of  device  types  will 
result  from  the  shift  to  LSI  component*  since  the  greater  logic  complexity 
on  a chip  results  in  a mote  specialized  chip  function.  General  Interface 
rules  need  to  be  used  to  define  chip  operation  in  a way  that  will  make 
each  LSI  chip  broadly  useful  to  several  agencies  and  contractors . These 
highly  specialized  custom  LSI  chips  w ill  be  mole  cost-elective  and  give 
higher  performance  and  better  reliability  than  any  assemblage  of  catalog 
parts.  Stocking  of  spares  and  quick  turnaround  from  stockpiled  mask  sets 
will  make  them  available  when  needed. 

« * • 

12.  See  the  response  to  Question  13.  This  Indicates  that 
careful  attention  should  be  directed  at  the  beginning  of  an  equipment 
development  to  assure  a partitioning  of  discrete  system  functions  consis- 
tent with  the  likely  evolution  of  the  components  used  to  Implement  the 
function.  This  approach  requires  precise  documentation  of  the  form,  fit, 
function,  and  signal  Interface  on  each  system  sub- function  or  partition. 
Implementation  specifics  such  as  power  consumption,  weight,  and  size 
should  be  specified  as  upper  limits  only  to  accommodate  evolutionary 

re- Implementations  of  the  equipment  to  conserve  these  factors.  General 
requirements  for  environmental  conditions  should  also  be  specified. 

Above  all,  great  care  should  be  exercised  to  avoid  specifying  the  sub- 
system function  In  a manner  which  denotes  Implementation  technique 
specifics. 

» • • 
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Ouestlofl  #11:  How  should  Government  LSI 
device  standardization  efforts  be  directed 
to  minimize  the  proliferation  of  devices, 
but  allow  timely  introduction  of  new  LSI 
In  avionics  equipment? 

73.  a.  The  goveAnment  could  see  that  certain  high  u&age  standaAd 
devices  [such  as  memo  Ales  and  mlcAopAocessoA  chip*)  aAe  MI L-quallfled  such 
that  they  become  de  facto  standaAds , and/oA  adopt  commeAclal  StandaAd 
specifications . 

fa.  Define  s tandaAd  mllltoAiy  functions,  enfoAce  the  standaAd, 
and  fund  development  of,  prototype  device s. 

* * * 

14.  Use  of  the  s tandaAd  cell  family  appAoach,  while  not  minimiz- 
ing the  numbeA  of  devices,  would  allow  fo»  a gAeat  degAee  of  standaAdlzatlon 
and  encouAage  the  use  of  new  LSI.  Basically,  thl&  gets,  back  to  the  Idea  of 
owning  both  the  designs  and  the  pAocess  specifications , oA  placing  them  In 
the  public  domain. 

* * * 

15.  StandaAdizatlon  foA  cuAtom  LSI  devlceA  should  be  dlAected 
towaAd  encouAaglng  the  uAe  of  commeAclally  accepted  technologies. 

* * * 

16.  GeneAally  speaking,  device  standaAcUzatlon  and  timely  IntAo- 
ductlon  of  new  LSI  aAe  consldeAed  mutually  exclusive.  ConsldeAatlon  should 
be  given  to  planned  updates  of  s tandaAd  devlces--say  eveAy  two  to  thAee 
yeaAA. 

* * * 

17.  NAl/AIR  could  make  available  a listing  of  specific  LSI  paAts 
which  aAe  used  In  otheA  equipment.  The  OEM's  designs  could  possibly  IncoA- 
poAate  these  same  paAts. 

IS.  No  cement. 
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Question  #11:  Now  should  Gorunooent  LSI 
ddvlce  standard! tat Ion  efforts  bt  directed 
to  nlnlwlje  the  proliferation  of  derices, 
bet  allow  tleely  Introduction  of  new  l$1 
In  avionics  equipment? 


19.  Standardize,  on  marten  chip  famiiie 4 and  arrociated  ro ftuxme 
packager.  On  cur  tom  LSI,  permit  qualification  on  the  barir  of  rimiZarity. 

* * * 

20.  No  comment. 


« * * 
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L.  Question  #12:  What  documentation  data  should  the  Government 
require  in  order  to  realistically  protect  its  interests  in  procuring  and 
supporting  avionics  equipment? 

High! ights: 

Suggestions  include: 

• Utilize  standardized  documentation 
which  is  understood  and  accepted. 

• Specify  form,  fit,  and  function  only. 

• Acquire  all  design  and  fabrication 
rights  to  custom  LSICs  developed  on 
Government  funding,  including  mask 
tapes,  process  specifications,  cell 
descriptions,  design  rules,  test 
tapes,  qualification  test  and  failure 
analysis  data,  etc. 

• Insure  second  source  viability. 

Industry  Replies: 

/.  The  point  -in  the  LSI  design  peaces*  considered  by  mnufiac- 
turers  to  be  proprietary  varies  slightly  firom  company  to  company.  Almost 
without  exception,  semiconductor  makers  consider  process  parameters  to  be 
the  secret  ingredient  which  makes  them  better  than  competitors . Some 
process  parameters  afifiect  mask  design  and  are  supplied  to  the  government 
with  great  reluctance.  The  digitized  data  used  making  masks  is  o{,ten 
supplied  to  equipment  makers  and  ultimately  to  the  government. 

* * * 
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Question  #12:  Mhot  docuvntatlon  data 
should  the  Gowrnm  nt  r*qu1r*  In  ordpr  to 
realistically  protoct  Its  Intorosts  In 
procuring  and  supporting  avionics 

equipment T 


2.  No  comment. 


3.  No  comment. 


* * * 


* • * 

4.  The  documentation  should  be  similar  to  that  > lequired  for 
simpler  componentry.  In  very  new  and  sophisticated  componentry,  gr oss 
process  specifications  may  be  appropriate. 

* * * 

5.  Utilize  standard  documentation  which  it  understood  and 
accepted  by  the  industry,  i.e.,  Military  Standard  38510  < format.  In  addi- 
tion, reliability  data  and  complete  electrical  performance  data  as  speci- 
fied in  MI L-STV-965  is  needed.  A strong  standardization  p.rogram  would 
minimize  the  proliferation  of  data. 

• • * 

6.  Tie  the  device  specification  to  M1L-M-38510  requirements, 
but  specify  the  parameters  as  maximum  and  minimum. 

• • • 

7.  The  Navy  should  follow  the  good  example  which  it  has  set  on 
the  NAC  SEM/SHP  modules.  That  is,  the  Navy  should  specify  only  "form,  fit, 
and  function"  ( including  performance  parameters),  but  should  not  specify 
pro  cess -related  parameters.  By  limiting  its  requirements  to  "functionally- 
specified,  " and  not  "design  disclosure,"  the  Navy  can  insure  a more  stan- 
dardized functional  family  of  LSI  modules. 

• • • 

8.  For  a microcircuit  supplier,  a certificate  of  compliance 
should  be  adequate  to  insure  that  the  device  was  manufactured  to  the 
requirements . 

• • • 


146 


NAC  TR-2221 


Outs t Ion  #1?:  What  docipvntatlon  data 
should  the  Goverwaent  require  In  order  to 
realistically  protect  Its  Interests  In 
procuring  and  supporting  avionics 
equipment? 


9.  kt  the  SAM  (assembly)  level,  the  documentation  requirements 
should  be  similar  to  those  oh  MIL-M-28787.  Particular  areas  oh  concern  axe 
the  perhormance  and  test  specihications  and  tat  procedures . Vocumentation 
should  be  limited  to  that  necessary  to  hanctionally  specihy  the  SAM  hanction 
(not  the  LS I devices  within).  The  Navy  documentation  review  and  approval 

„ should  assure  testability  and  maximum  technological  trans potency . This 
approach  will  allow  development  oh  replacement  SAMs  without  requiring  inter- 
changeable advanced  technology  devices,  and  may  very  well  xesult  in  reducing 
equipment  acquisition  costs  thxough  the  introduction  oh  competition  via 
multiple  SAM  sources. 

At  the  LSI  device  level,  documentation  data  should  be  direc- 
ted toward  pxooh  that  a second  source  is  available,  not  toioard  obtaining 
design/ process  details  to  the  cookbook  level.  lh  data  are  required  to  show 
that  a second  source  can  produce  the  LSI  devices  in  question,  then  true 
protection  and  support  is  ensured.  Requiring  a contractor  to  "tell  all" 
(details  in  design  and  processing ) rarely  ensures  that  the  devices  can  be 
made  by  another  contractor  in  an  emergency.  Emphasis  should  not  be  placed 
on  divulging  processes  (times  and  temperatures ; equipment  capabilities 
dihher  h^m  eontractor  to  contractor  and  may  preclude  direct  copying  oh 
techniques) , but  on  ensuring  a second  source  i $or  the  parts.  Make  contrac- 
tors prove  that  a second  source  exists  in  practice - masks  exchanged, 
devices  made  and  tested. 

* * * 

10.  The  government  should  acquire  all  design  and  habricatron 
rights  to  custom  LSICs  developed  on  government  handing.  Some  sort  oh 
agreement  should  be  worked  out  with  the  innovator  oh  such  designs  so  that 
he  would  receive  some  sort  oh  royalty  ih  the  government  or  another  con- 
tractor chose  to  purchase  LSICs  h^om  those  designs  within  a given  number 
oh  years. 
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Out* H on  #11:  MMt  fecimntatlon  date 
Should  the  Government  require  In  order  to 
realistically  protect  Its  Interests  In 
procuring  end  supporting  avionics 
equipment? 

Anw  qualification  test  and  failure  analysis  data  on  these 
devices  should  be  procured  by  the  government  and  made  available  to  other 
potential  u t°rs.  See  the  response  to  Question  7. 

* * * 

11.  LSI  chip  designs  In  one  of  the  Indus  try- standard  techniques 
can  best  be  documented  In  terms  of  the  mask  set  used  to  fabricate  the  type 
and  the  program  used  to  tut  It.  functionality  and  logic  operation  also 
need  to  be  defined  [as  In  a data  sheet)  to  permit  use  by  other  contractors 
and  government  agencies.  Characterization  data  should  also  be  supplied 

to  assure  that  the  chips  meet  speed,  drive,  and  other  application  require- 
ments. 

* * * 

12.  No  comment. 


« • • 

13.  a.  Test  data  on  the  equipment  itself,  not  on  each  component 

therein. 


b.  For  custom  LSI,  the  government  must  Insist  on  masks  and 
test  documentation. 


• « • 


14.  Design  rules,  process  specifications,  cell  descriptions , 
and  other  Information  necessary  to  allow  a variety  of  suppliers  to  manufac- 
ture the  LSI.  Mask  tooling  information  is  also  necessary,  but  probably 
not  stored  In  the  form  of  physical  masks.  Coordinate  Information  stored 
on  magnetic  tape  would  be  superior  because  of  the  varying  requirements  for 
masks  between  different  vendors.  A complete  description  of  the  test  vec- 
tors and  test  set-up  required  should  also  be  made  available. 


• • • 
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Question  #12:  Whet  dociaerntetlon  date 
should  the  Government  require  in  order  to 
realistically  protect  Us  Interests  In 
procuring  end  supportlnf  avionics 
equipment? 

15.  The  most  important  data.  -it.  a functional  specification  ich-cch 
does  not  unduly  restrict  the.  method  o f -implementation.  No  requirement  should 
be  spec ified  uihich  is  not  absolutely  necessary  to  sat- is  fy  the  intended  appli- 
cation. 


Since  design  disclosure  data  is  essentially  not  available, 
cooss -Licensing  certification  should  be  considered  as  a method  of  insuring 
multiple  sources. 

* * * 

16.  Continue  requirements  for  second  source  for  components  and 
procure  sufficient  design  and  process  data  to  permit  re-sourcing  in  accord- 
ance ulith  these  data. 

* * * 

17.  Proprietary  detailed  design/ process  information  could  be 
contracted  for  and  placed  -cn  bonded  storage.  This  data  should  be  sufficient 
to  build  parts,  and  as  a minimum  shoild  consist  of  logic  diagrams,  magnetic 
tapes,  test  patterns,  and  detailed  process  steps. 

* * * 


18.  No  comment. 


19.  No  comment. 


10.  No  comment. 


* * * 


* * * 


* * * 
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M.  Question  #13:  If  you,  as  a contractor,  enter  into  a long-term 
warranty  agreement  with  NAVAIR  on  a particular  avionics  equipment,  how 
will  you  protect  yourself  against  technology  obsolescence? 

High! ights: 

Predominant  comments  were: 

• Specify  the  function  at  the  module 
level . 

• Use  long-term  storage  of  wafers  and/or 
devices. 

• Make  careful  technology  selection. 

• Establish  multi-sourcing  of  devices. 

• Use  a strong  standardization  program. 

• Establish  an  in-house  IC  capability. 

Industry  Replies: 

J.  Semiconductor  warranty  is  presently  one  year  from  the  date 
o ^ acceptance  by  our  customers.  It  is  possible  that  this  warranty  wilt  be 
increased  to  two  years  in  the  future.  We  have  not  and  tee  tittle  possibi- 
lity of  entering  into  longer-term  warranty  situations . 

The  prime  method  of  protecting  against  technical  obsolescence 
is  designing  new  equipment  with  new  technology  if  multiple  sources  exist. 
Older  technologies  are  discarded  by  producers  when  no  longer  popular  or 
profitable. 

• • * 
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Question  #13:  If  «t  a contractor, 
onttr  Into  a long-term  warranty  agreement 
with  NAVA l R on  a particular  avionics 
equipment,  how  will  you  protect  yourself 
epelest  technology  obsolescence? 


2.  No  comment. 


* * * 


3.  The  two  parts  to  this  question  are  not  really  related.  If  a 
contractor  enters  into  a long-term  agreement  with  NAVA1R,  then  the  contrac- 
tor wilt  set  up  a pant  of  his  operation  to  manufacture  the  AequiAed  part  to 
NAVAJR  specifications . New  avionics  oa  technology  will  be  covered  undeA 
otheA  contAacts . A manufacturing  area  may  continue  pAoducing  obsolete  parts 
under,  a ceAtain  government  contract  unless  the  contract  calls  for  a con- 
tinued upgrading  of  system  devices  and  capabilities . Thus,  the  long-term 
warranty  agreements  are  not  directly  related  to  technology  obsolescence. 


* * * 


4.  We  would  protect  ourselves  through  modularity  and  the  in- 
house  facility. 


* * * 


5.  As  an  aid  toward  solving  this  problem,  we  have  a strong 
internal  standardization  and  parts  management  program  which  maximizes  the 
selection  of  long-term  technologies  which  can  be  manufactured  by  more  than 
one  source.  A long-term  warranty  agreement  would  require  either  warranty 
parts  support  by  the  procurement  agency,  or  spares  procurement  coincident 
with  production  buys.  Vepending  on  the  program,  either  method  could  be 
cost-effective.  Additionally,  NAVAIR  might  consider  a program  similar  to 
the  Air  Force  PRAM  (Production  Reliability  Availability  Maintainability] 
program.  Under  this  program,  items  or  spares  which  become  difficult  or 
non-cost-effective  to  support  are  modified  or  redesigned.  The  new  design 
must  be  a form- fit- function  replacement.  This  program  has  solved  a number 
of  difficult  and  costly  long-term  sup/oort  problems. 


* * * 


6.  No  comment. 


* * * 
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#13:  If  you,  oo  0 contractor, 
ontor  Into  a long-tana  warranty  agroonont 
with  NAVA I#  on  . particular  avionics 
aoalsaant,  haw  will  you  protoct  yoursalf 
a»ilnot  tochnolov  ohaoloacancol 


7.  We  would.  concern  ourselves  with  the.  function  required,  and 
not  with  the  component  which  today  might  perfaorm  that  function,  but  tomor- 
row may  become  obsolete. 

1(5  the  Navy  wants  to  repair  electronic  subassemblies  In  the 
faleld,  It  may  be  (5 easlble  to  consider  long-term  bonded  storage. 

Befaore  committing  to  a fault  production  run,  ,nay  be  prudent 
to  consider  a technology  upgrade,  bated  on  pln-faor-pln  and/or  module- faor- 
module  replacements  ofa  equivalent  faunctions . 

The  prefaerred  method  is  to  warrant  the  "block  box"  to  a 
given  faunctlon.  Upon  faallure,  the  box.  would  be  returned  to  the  manufaac- 
turer  faor  repair  or  replacement.  This  repair- or- return  activity  could 
be  done  at  any  time  with  new  technology  which  It  transparent  to  WAl/AIR. 

* * * 

8.  As  microcircuit  suppliers,  we  are  not  the  best  people  to 
answer  this  question.  However,  we  would  suggest  that  Ifa  you  plan  faor 
technology  updates , you  can  prevent  obsolescence. 

* * * 

9.  Form,  fait,  and  faunctlon;  and  technology  transparency  as 
design  philosophies  ( see  answers  to  Questions  1 and  2)  will  provide  the 
required  protection  against  technology  obsolescence.  Every  efafaort  will 
be  made  to  Incorporate  LSI  Into  logical  testable  large  faunctlon  modules 
designed  to  maximize  technology  transparency  le.g.,  standard  5 volt 
supply,  on-module  BITE,  etc.)  We  will  maximize  the  use  ofa  SAMs. 

When  the  source  ofa  supply  becomes  questionable  faor  speci- 
falc  parts,  advanced  technology  or  otherwise,  we  will  redesign  the  module 
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Question  #13:  If  you.  at  a contractor, 

•nUr  Into  a lonq-terw  warranty  aoreewnt 
with  NAVAIR  on  a particular  avionics 
equipment,  how  will  you  protect  yourself 
a«alMt  technology  obsolescence? 

to  perhorm  the  same  function  but  with  up-to-date.,  procurable  device  techno- 
logy. We  may,  as  an  interim  measure,  procure  a larger- than- no  mat  quantity 
o5  the  device,  on.  device s,  in  question  ai>  a hedge  against  schedule  problem. 

* * * 

10.  Usually  in  long- team  warranty  agreements  where  the  original 
equipment  designer  and  manuhactuAer  has  control  oh  repairs  and  testing, 
the’ te  is  more  hle-xrbility  hofl  incorpo noting  and  controlling  design  changes. 
Also,  our  Purchasing  Department  maintains  good  rapport  with  our  vendors 

as  well  as  hollowing  the  industry  trends.  When  one  oh  our  vendors  decides 
he  is  going  to  discontinue  providing  certain  parts,  he  usually  notihies 
Purchasing  and  gives  them  a chance  to  maize  a hin&l  purchase  oh  as  many  oh 
the  parts  as  they  want.  At  this  time  a trade-ohh  decision  is  made  as  to 
whether  to  redesign  the  part  out  oh  the  system  considering  retro  hit 
requirements,  etc.  or  to  purchase  enough  spares  hofl  the  lihe  oh  the 
equipments. 

* * * 

1 1 . LSI  parts  are  inherently  reliable  and  will  have  a low  h°H~ 
ure  rate.  A modest  quantity  oh  spares  will  suhhice  hor  the  lihe  oh  the 
equipment.  I h excessive  spares  are  required,  the  design  or  application 

is  suspect,  and  redesign  in  a more  modern  technology  or  t [or  a lower  stress 
level  in  the  application  is  in  order. 

* * * 

12.  Components  used  in  an  equipment  implementation  would  be 
restricted  to  components  which  were  members  oh  a h^ily  oh  components 
having  a strong  linkage  to  a mainstream  commercial  product  hamily  and 
which  were  produced  by  at  least  one  major  semiconductor  manuhacturer,  i.e., 
in  the  top  hour  in  domestic  semiconductor  sales.  System  design  techniques 
would  be  encouraged  which  exploited  the  use  oh  components  likely  to  be 
developed  as  evolutions  oh  existing  members  oh  the  commercial  component 
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Qoastlon  #11:  If  you,  at  a contractor, 
••tar  Into  a long -tana  warranty  a groom*  t 
vlt*  NAVAIR  on  a particular  avionics 
•Ovipavnt,  Nov  vlll  you  protect  yovrsalf 
•gainst  tacNnalagy  afcsalascancat 


family.  To- 1 example,  system  functional  partitions  Mould,  be  established  In 
a manner  that  would  allow  evolving  Implementations  to  naturally  exploit 
evolutions  In  component  technology.  This  approach  Is  best  exemplified  by: 

a.  A medium  scale  Integration  (MSI)  Implementation  using 
LSTTL  components.  Typically,  this  would  a equlre  200-300  components  and 
75  watts. 

b.  A mlcnopnocessofi- based  Implementation  using  a micro- 
processor, memory  devices,  and  a small  numbeA  of  LSTTL  MSI  components. 
Typically,  this  would  Aequlre  3 0-40  components  and  10  watts.  This  Is 
AepAesentative  of  an  LSI  Implementation. 

c.  The  final  Implementation  would  use  the  very  laxge  scale 
IntegAatlon  {VLSI)  technology  coming  available  In  the  1979-1980  period. 

With  this  appAoach,  the  function  Implemented  In  12. a and  12.b  can  be  Imple- 
mented In  a single  chip  microcomputer  device.  This  appAoach  AequlA.es  one 
component  and  less  than  one  watt  of  power.  An  ImpoAtant  Acquirement  -is 
that  the  mlcAopAocessoA  used  In  12.b  and  the  mlcAocomputeA  used  In  12.c 

be  members  of  a compatible  family  of  computer  components . Compatibility 
Acquirements  Include: 

(?)  Instruction  set 

(2)  Memo  Ay  architecture 

(3)  Input/ output  architecture 

An  additional  aspect  of  this  appAoach  permits  the  combination  of  multiple 
system  functions  In  a single  mlcAopAocessoA/ mlcAo computer- bos ed  Implemen- 
tation. 
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Question  #13:  If  you.  at  a contractor, 

•"tor  Into  a long-tor*  warranty  agraawint 
with  NAVAIR  on  a particular  avionics 
•9w1pawnt,  how  wl 1 1 you  protoct  yourtolf 
against  tochnolofy  obaolosconco? 

TTteie  action*  at  the  beginning  o ^ the  *y*tem  development 
cycle  provide  an  a**urance  that  the  equipment  -implementation  mut>t  not,  of 
itself,  *upport  the  exi&tence  of  the  required  component*  and  that  on-going 
component  development*  axe  likely  to  be  compatible  with  component*  current- 
ly  in  u*e.  Additionally,  the  bu*ine **  *txength  of  the  component  * uppliex 
pxovide*  additional  a**uxance  of  the  continuing  availability  of  the 
xequixed  ox  equivalent  component  function*. 

Contractual  axxangement*  Mould  be  negotiated  which  xequixe 
the  component  manufacturer  to  notify  the  equipment  manufacturer  o f change* 
in  the  pxoduct  and/ox  pxoduction  pxoce **  which  would  prohibit  availability 
of  the  xequixed  component  function.  The  contract  would  have  pxe- negotiated 
quantitie* / price*  fax  providing  a xe*exve  *upply  of  component*  fax  future 
requirement* . 

The  dual  approach  outlined  maximize*  the  likelihood  and  the 
time  period  that  the  xequixed  component  function  will  remain  available. 
Furthermore,  the  *y*tem  de*ign  technique  tend*  to  encourage  the  u*e  of, 
common  component  function*  which  are  programmable  to  meet  required  equip- 
ment function*.  Thi*  technique  minimize*  the  number  of  different  compon- 
ent* u&ed  by  the  equipment  implementation.  La*tly,  contractual  ijrocedure* 
are  outlined  which  provide  far  *tockpiling  component*  if  the  preceding 
mea*ure*  become  inadequate.  The*e  contractual  procedure*  provide  an 
acceptable  level  of  ri*k  for  equipment  and  component  manufacturer*. 

* * * 

13.  a.  Make  our  own  cu*tom  LSJC*. 

b.  Buy  all  chip * we  need  in  wafer  farm  and  *tore  until 
needed  if  wafer*  are  procured  from  out*ide.  If  internally  produced  and 
we  wi*h  to  alter  or  di*continue  the  proce**,  we  would: 


J 
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Q«*t1oo  9\l\  If  you,  as  a contractor, 
•ntor  Into  a lonq-tena  warranty  agree— nt 
with  NAVA  in  on  a particular  avionics 
equl— ent,  how  will  you  protect  yourself 
afilnst  tocJwoloqy  oOtolesconce? 


(I)  Mafee  all  the  wa^e/u.  we  need  (Jo>i  the  fautuAe. 


12)  VAoduce  in  a ^oAm,  it , and  function  manner.  dpaAe 
paAtd  {Aom  the  new  technology. 

* * * 

14.  By  using  a technology  Mich  as  CMOS/ SOS  which  can  be  expected 
to  have  a long  li^e,  and  by  tiding  design  Aules  acceptable  to  a laAge  numbeA 
0($  supplieAd.  In  dome  coded,  a quantity  deviced  du^icient  (^oa  & oAedee - 
able  spanes  AequiAementd  might  be  puAchaded,  dince  theAe  could  be  subdtan- 
tial  davingd  available  thAough  quantity  puAchaded. 

* * * 


75.  No  comment. 


* * * 


16.  Long- tei m waAAanty  agAeementd  would  apply  only  ad  long  ad 
vendo Ad  pAoduce  paAtd  to  the  oAiginal  oa  an  analytically  equivalent  dedign. 
We  would  expect  to  Aenegotiate  i$  paAtd  aAe  unavailable  due  to  obdoledcence/ 
line  dhut-down ; oa  tAy  to  tie  any  vendo a to  a pAoduction  quantity  that  will 
satisfy  any  waAAanty  agAeement  with  any  cudtomeA. 

* * * 

77.  LSI  paAtd  which  aAe  uded  will  be  delected  &Aom  pAoven  techno- 
logies which  aAe  not  likely  to  become  obdolete  in  the  neaA  ^utuAe.  Devices 
noAmally  will  have  moAe  than  one  dOuAce,  and  lifetime  dpaAed  may  be  pAocuAed 
in  the  event  that  the  pants  become  non-pAocuAable. 


18.  No  comment. 


79.  PAimaAily  by  wafieA  dtoAage  ( dee  answeA  to  Question  14).  We 
have  also  bought  specific  mask  sets  Aetained  by  the  LSI  manufiactuAeA  to 
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Question  *13:  If  yog,  as  a contractor, 
inter  Into  a long -tern  werrenty  Agroe—nt 
with  NAVA1R  on  a pertlcular  Avionics 
e*ol pent,  how  will  you  protect  yourself 
Afilnst  technology  obsolescence? 


assure  that  there  will  be  no  change.  during  the  production  procurement  li^e- 
time.  For  small  volume  usage,  u)e  , favor  lifetime  bug s o{>  packaged  units. 

* * * 

20.  The  best  protection  is  to  implement  current  standard  multi- 
sourced  devices  to  the  maximum  extent  possible. 


* * * 
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N.  Question  #14:  Comment  on  the  concept  and  techniques  for  storing 
semiconductor  devices  in  wafer  form  until  logistics  or  mobilization  needs 
require  that  they  be  diced,  tested,  and  packaged.  Comment  on  knowledge 
of  the  aging  characteristics  in  wafer  storage  of  the  specific  technologies 
with  which  you  have  had  experience. 

High! iqhts: 

Comments  finding  concurrerce  among  respondents  are: 

• Wafer  storage  is  technically  feasible; 
however,  not  practical  because  of  manage- 
ment of  peripherals  such  as  masks, 
testing,  packaging,  etc.,  and  economics. 

• Store  wafers  in  dry  nitrogen  (^J-rich 
environment. 

• Leave  the  glass  deposited  over  the  chip 
metallization  intact  and  continuous. 

• Store  fully  packaged  and  tested  devices. 

• Store  wafers  for  future  logistics  needs. 

Industry  Replies: 

1.  The  concept  ofi  storing  wafers  is  an  excellent  one.  We  would, 
only  like  to  encourage  two  considerations . Virst,  the.  wafers  should  be 
stored  in  a nitrogen  (N^-nich  environment.  Second,  we  would  encourage 
leaving  the  glass  deposited  over  the  metallization  intact  and  continuous. 
Vo  not  etch  the  glass  away  {,rom  the  bonding  pads,  thereby  exposing  the 
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Quest  1 o*i  #14:  Co— nt  on  the  concept  and 
techniques  for  storing  semiconductor 
devices  In  wafer  form  until  logistics  or 
mobilization  needs  require  that  they  be 
diced,  tested,  and  packaged.  Comment  on 
knowledge  of  the  aging  characteristics  In 
N#er  storage  of  the  specific  technologies 
with  «*1ch  you  have  had  experience. 


bonding  area  to  any  long-term  oxidation.  The  rlbk  factor  lb  higher  with 
thib  approach,  but  we  believe  reliability  Lb  certainly  Improved. 

* * * 

2.  Jn  principle.,  wafer  btorage  Lb  pobblble.  In  practice,  ho w- 
ever,  it  co uLd  be  dangeroub  blnce  bemiconductor  manufactureAb  might  buccumb 
to  the  temptation  of  bhipplng  Inferior  pAoductb  into  btoAagc.  I believe 
that  it  Lb  f eablble  to  maintain  a limited  bupply  of  bemlprocebbcd  wafeAb 

to  achieve  a fabt  turnaround  far  logic  aAAayb,  pAogAammable  logic  unitb, 
etc.;  but  pAoductb  far  bpaAeb  oA  lateA  pAoductlon  bhould  be  Inventorized 
fully  packaged  and  tebted. 

* * * 

3.  The  aging  chaAacteAlbtlcb  o f bemiconductoA  devlceb  In  wafer 
farm  [l f placed  In  the  pAopeA  environment)  can  probably  be  neglected. 
However,  we  do  not  have  long-term  data  In  thlb  area.  I feel  that  the 
major  pAoblem  Involved  In  trying  to  do  what  they  want  would  be  In  trying 
to  keep  all  the  peripheral  areab  Intact  and  In  good  bhape  fa A a long 
period  of,  time.  Tooling  would  get  lobt  and  tebtlng  pAogAamb  would  not 

be  kept  up-to-date.  Thebe  klndb  of  thlngb  would  be  difficult  to  maintain 
In  a high  btate  of  Aeadlnebb  with  a high  degAee  of  confidence. 

* * * 

4.  SemlconductoA  wafcAb  could  be  btoAed  In  dAy  nitrogen  with 
little  or  no  apparent  aging.  1 have  a "gut  feel"  that  due  to  the  Ante 
of  the  change  of  technology,  they  would  probably  not  get  ubed  antfloay. 

* * * 

5.  Vevlceb  bhould  be  btored  preferably  In  the  packaged  btate; 
however,  If  btorage  In  the  wafer  btate  lb  necebbary,  a dry  nitrogen  atmob- 

phere  lb  recommended  along  with  relnbpectlon  prior  to  ube. 

« * * 
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Question  #14:  Co— nt  on  the  concept  and 
techniques  for  storing  semiconductor 
devices  In  wafer  font  until  logistics  or 
mobilization  needs  require  that  they  be 
diced,  tested,  and  packaged.  Co— nt  on 
knowledge  of  the  aging  characteristics  in 
wafer  storage  of  the  specific  technologies 
with  which  you  have  had  experience. 

6.  No  comment. 

* * * 

7.  The  best  way  to  approach  this  problem  would  be  to  stoxe  "good 
die"  fxom  the  wafexs.  The  die  would  utilize  less  apace  and  thexe  would  not 
be  a need  fox  i vafex  dicing  ox  texting.  The  container  should  be  seated  and 
xeside  in  a nitxogen  atmosphexe. 

Since  we  have  no  data  on  wafex  Atoxage  aging  chaxactexistics , 
we  cannot  intelligently  comment  on  this  subject.  Howevex,  the  available 
aging  with  life  data  would  indicate  low  xisk  in  an  intelligently  managed 
wafex  Atoxage  pxogxam. 

* * * 

8.  Thix  concept  i a f eaAible . Howevex,  we  xecommend,  on  techni- 
cal gxounds,  against  loafex  Atoxage  due  to  poAAible  handling  damage.  Vice 
Atoxage  would  be  moxe  advisable.  Stoxage  would  have  to  be  in  a dxy,  dust 
fxee,  inext  envixonment.  Aging  should  not  be  a pxoblem. 

F xom  an  economic  sense,  NAVAIR  would  have  to  puxchase  the 
inventoxy  and  pxovide  fox  its  caxxying  cost.  NAVA1R  would  also  have  the 
pxoblem  of  pxocuxing  the  packaging  and  testing  opexation  when  the  dice  had 
to  be  packaged.  In  addition,  NAVA1R  would  have  to  waxxanty  that  the  dice 
wexe  good,  beyond  one  yeax,  since  that  is  the  semiconductox  industxy 
waxxanty  pexiod. 

* • * 

9.  If  wafexs  axe  to  be  stoxed  fox  logistic  ox  mobilization 
needs,  they  must  at  least  have  been  pxobe  tested  and  a canned  sample  ele c- 
txical  test  pex  wafex  should  be  xeguixed.  The  wafexs  should  come  out  of  a 
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Question  #14:  Coawwnt  on  the  concept  and 
techniques  for  storing  semiconductor 
devices  In  wafer  form  until  logistics  or 
mobilization  needs  require  that  they  be 
diced,  tested,  and  packaged.  Comment  on 
knowledge  of  the  aging  characteristics  In 
wafer  storage  of  the  specific  technologies 
with  which  you  have  had  experience. 


current  production  run  in  which  final  device,  yield  statistics  are  available. 
The  die  required  for  the  sample  test  could  be  taken  from  the  wafer  edge. 

The  wafer  should  be  stored  in  a dry  box,  back-filled  with  nitrogen.  If 
wafers  are  procured  and  produced  in  large  batches,  extensive  testing  of  a 
canned  sample  will  assure  more  uniform  device  performance.  This  approach 
tends  to  reduce  the  lot-to-lot  variations  experienced  in  all  semiconductor 
products  by  reducing  the  total  number  of  lots  and  the  time  span  in  which 
they  are  produced.  Substantial  industry  and  military  data  is  becoming 
available  which  indicates  that  aging  is  not  a significant  reliability  risk 
and  is  predictable.  Tor  evolving  and  future  technologies,  accelerated 
aging  testing  will  be  necessary  to  assure  predictable  aging  characteristics. 

On  the  negative  side,  a policy  requiring  lifetime  buys  at 
the  rnfer  level  could  have  undesirable  side  effects.  This  policy  inay 
result  in  periods  of  high  device  manufacturing  activity  and  periods  of 
very  low  activity.  From  the  manufacturer's  point  of  view,  there  is  a 
desire  to  maintain  continuous  production  activity  for  obvious  reasons . 

* * * 

10.  Wafers,  when  stored  for  extended  periods  of  time  (more  than 
six  months ) should  be  protected  from  corrosive  or  active  gases,  heat,  light, 
and  water.  Preferable  conditions  include  a hermetically  sealed  container, 
probably  metal*  providing  a barrier  to  light  and  moderate  electromagnetic 

* Metal  is  suggested  but  not  mandatory ; however,  the  container 
material  should  provide  static  protection  and  not  be  a static 
generator.  Additionally,  it  should  not  be  a source  of  out- 
gasing,  vapors,  or  solids  contamination.  Therefore,  the 
material  itself  should  be  carefully  selected. 
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Question  #14  Ca— wt  on  tna  concept  and 
todutlquos  for  storing  »•' con  Out  tor 
devices  In  uaftr  for*  until  logistics  or 
■*1  Illation  needs  roqulro  that  tHji  t>e 
41  cod.  tested.  and  pack a gad  Comnent  on 
fcnoulodge  of  the  aging  charactoristlcs  in 
M^r  storaga  of  tPe  specific  technologies 
with  which  you  Hava  Had  experience 

at  appnoximately 
ppm  of  waten. 

by  vendons; 

howeven,  it  is  known  that  the  above  has  yielded  excellent  nesults  with 
heant  pacen  chips  (tea^eAi)  stoned  fan  oven  a yean. 

* * * 

//.  We  believe  that  pants  should  be  stoned  in  assembled  tested 
fanm  nathen  than  as  wafens.  Fon  LSI  pants,  the  cost  of  the  package  is 
less  than  the  cost  oft  a good  chip  so  that  potential  cost  advantages  oh 
stonage  in  i oafen  fanm  one  offset  by  the  nisks  of,  stoning  unpnobed  chips 
on  unpnotected  wafens  in  unclean  envino nments . Lf  it  is  desined  to  stone 
pants  in  wafen  fanm,  then  wakens  should  be  fully  tested  and  inked  and 
complete  test  data  stoned  fan  each  good  chip  along  with  identification 
of  the  chip  in  the  wafan  matnix.  Ml  wafens  should  be  stoned  in  a flow- 
ing dny  nitnogen  ambient  in  a dust-fnee  cabinet.  Pnefenably  a passivation 
technique  should  be  used.  Muminum  metallization  cannot  be  exposed  be- 
cause it  can  connode.  We  have  expenienced  excessive  leakage  and  lack  of 
metal  continuity  in  impnopenly  stoned  CMOS  wafens  afien  sevenal  yeans. 

• • • 

12.  Technically  thene  is  no  majon  pnoblem  stoning  bipolan 
technologies  and  we  do  not  anticipate  any  ma.jon  pnoblem  with  sunface 
nelated  devices.  The  neal  pnoblems  one  associated  with  planning  and 
maintaining  the  nesounces  nequined  to  pnovide  the  testing  and  packaging 
of  the  devices  oven  an  extended  peniod  of  time. 

* * * 


and  ionizing  nadiation.  The  atmosphene  should  be  nitnogen 
one  atmosphene  of  pnessune  and  containing  not  mone  than  10 

No  specific  aging  data  has  been  volunteened 
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Question  #14:  Co—  nt  on  the  concept  and 
techniques  for  storing  semiconductor 
devices  In  wafer  form  until  logistics  or 
mobilization  needs  require  that  they  be 
diced,  tested,  and  packaged.  Comment  on 
knowledge  of  the  aging  characteristics  In 
wafer  storage  of  the  specific  technologies 
with  which  you  have  had  experience. 

13.  The  following  technique  involves  the  production,  testing 
protection,  and  storage  of  low-cost  semiconductor  wafers  in  quantities 
sufficient  to  meet  all  expected  usages  in  a military  system.  This  quan- 
tity would  be  based  on  the  maximum  number  of  production  systems  expected, 
the  expected  system  life,  and  expected  failure  rates,  and  a suitable  safety 
factor.  With  the  wafar  sizes  increasing  and  the  device  geometries  decreas- 
ing, a very  large  number  of  LSJCs  can  be  realized  in  a limited  number  of 
wafers.  Tor  the  small  volume  inherent  in  military  systems,  the  nonrecur- 
ring costs  predominate  and  the  production  cost  of,  thousands  of  devices  is 
small  compared  to  the  development  and  cost  of  producing  hundreds.  It  is 
also  small  compared  to  the  cost  of  obtaining  a second  source. 

The  concept  of  storing  relatively  inexpensive  wafers  for 
low  volume,  long-term  needs  has  been  around  in  various  forms  at  semiconduc- 
tor houses  for  quite  a while.  Every  designer  has  a desk  full  of  wafers  or 
partial  wafers  that  weren't  needed  to  fill  immediate  customer  needs,  but 
he's  saving  them,  "just  in  case."  It  is  also  common  today  to  store  "veri- 
fication ivafers"  for  parts  that  are  manufactured  periodically.  These  wafers 
are  stored  for  years  by  semiconductor  vendors  and  used  every  time  a new  run 
is  complete.  They  use  these  wafers  to  verify  the  test  setup  and  the  test 
program  ( for  automated  testing)  by  comparing  present-day  readings  with  the 
values  obtained  when  first  tested. 

designers'  experience  with  storing  wa^eAA  suggests  that  it 
is  a reasonable  thing  to  do  provided  a few  pitfalls  are  avoided.  The  wafers 
must  be  protected  against  various  contaminations  such  as  sodium  ( from  fin- 
gers or  dirty  handling  tools),  as  well  as  oxidation  of  the  aluminum.  The 
very  nature  of  completed  wafers  makes  them  subject  to  both  these  killers. 
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Question  #14:  CoMtnt  on  the  concept  end 
techniques  for  storing  smiconductor 
devices  In  wafer  form  until  logistics  or 
■ebl 11 lotion  needs  require  that  they  bo 
dicod,  tested,  and  packaged.  Consent  on 
knowledge  of  the  aging  characteristics  In 
wafer  storage  of  the  specific  technologies 
■ith  which  you  have  had  eiperlence. 


The  wafer  is  coated  with  oxide,  but  in  order  to  electrically  test  the  die, 
the  coating  is  etched  to  expose  the  bonding  pads.  The  etching  can  intro- 
duce stresses  that  tend  to  "crack"  thiA  coating. 

One  technique  that  has  a good  chance  to  making  thiA  concept 
practical  beginA  with  the  ability  to  depoAit  a high  quality  oxide  over  the 
w afer's  active  surface.  One  well-known  electronics  center  has  developed 
a low  temperature  nitride  coating  process.  (Nitride  is  the  best  quality 
oxide  available  to  semiconductor  technology. ) 1^  the  die  on  the  wafer 

are  electrically  tested  to  determine  if  the  wafar  is  worth  storing,  befare 
the  nitride  coating  is  deposited,  then  there  would  be  no  need  to  etch  the 
nitride  until  the  die  are  needed.  Thus  stresses  can  be  avoided,  and  the 
bonding  pads  will  not  be  exposed.  With  a good  quality  nitride  coating, 
the  loader  is  "sealed"  and  thus  not  subject  to  contamination  or  oxidation. 
Compared  to  conventional  silox  coatings,  nitride  will  "seal"  the  surface 
such  that  wafers  can  be  stored  in  an  inert  atmosphere  in  a dry  box  far  a 
very  long  time.  The  die  are  still  subject  to  high  infant  mortality  rates 
and  testing  difficulties , and  should  be  burned  in  when  they  are  packaged ; 
but  the  primary  factors  involved  in  long-term  storage  deterioration  can 
be  minimized  with  this  nitride  seal. 

To  avoid  supplier  catastrophe,  these  wafers  can  be  stored 
in  more  than  one  location,  and  by  processing  partial  wafers  (pieces  as 
small  as  1/3  wa^ea  can  easily  be  handled  far  etching  and  testing),  the 
total  value  of  inventory  can  be  reduced. 

• « • 

14.  The  concept  is  excellent  provided  that  the  wafers  are  first 
probe  tested.  They  should  be  store.d  in  a dry  inert  atmosphere  at  room 
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(kmtlM  #14:  Co—  nt  on  the  concept  and 
techniques  for  storing  semiconductor 
h*'cei  In  infer  form  until  logistics  or 
■efclllzatlon  needs  require  that  they  he 
tflced,  tested,  and  packaged.  Coenent  on 
knowledge  of  the  aging  characteristics  In 
wafer  storage  of  the  specific  technologies 
with  i*1ch  you  have  had  experience. 


tempexatuxe  ox  lomex.  Stoxage  life  should  be  as  good  ox  beltex  than  stox- 
age life  of  packaged  device*.  Of  couxse,  if  the  s uxface  is  unitable  in 
the  fixst  place,  it  mill  xe main  uni table  whether  the  device i axe  packaged 
ox  stored  in  wafer  form. 

Although  no  4pecx.jycc  data  is  available,  peAionaC  expexience 
hai  indicated  that  device 4 itoxed  in  a dxy  box  which  was  kept  in  a clean 
xoom  did  not  change  ove'i  a five-year  pexiod. 

* * * 

IS.  No  coiimicnt. 


16.  No  coiment. 


* * * 


* * * 


17.  Vie  ihould  be  i ejected  from  each  wafer  lot,  packaged,  and 
fruity  texted  on  oxdex  to  pxove  the  performance  of  the  wafer  lot.  The 
lematning  die  can  moit  effectively  be  itoxed  in  wafer  fovn  in  a iealed 
container  with  dxy  nitxogen  back  fill. 


18.  No  comment. 


* * * 


* * * 


19.  The  concept  03  itoxing  iemiconductox  device*  in  wafer  foxm 
fox  futuxe  needs  mill  be  implemented  when  the  need  occuxs.  hie  have  no 
pxesent  need.  We  have  itoxed  wafers  as  a contingency  in  the  past  (RTL 
logic ) but  were  not  funded  fox  aging  tests,  nox  were  the  devices  evex  used. 


20.  No  comment. 


* • * 


* * * 
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0.  Question  #15:  How  can  the  procurement  specifications  for  complex 
LSI  devices  be  standardized  to  reduce  the  redundancy  of  documentation  while 
requiring  less  effort  on  the  part  of  suppliers  in  providing  the  specified 
testing,  etc.? 

Highlights: 

Predominant  comments  were: 

• Utilize  the  MIL-M- 38510  approach  for 
LSI. 


Emphasize  form,  fit,  and  function 
specifications  only. 


Industry  Replies: 

1.  No  comment. 

2.  No  comment. 

3.  No  comment. 


* * * 


« * « 


* * * 

4.  This  would  require  considerable  study  and  effort.  However, 
the  o6 e 0|$  certain  genetic  types  of  devices  coupled  to  certain  types  oh 
test  patterns  can  aid  In  this  area. 

• « « 

5.  Standardize  on  test  methods  and  specification  format  as 
specified  In  M1L-STV-88 3 and  MIL-M-38510,  respectively. 

* * * 

6.  Tie  procurement  specifications  Into  a realistic  MIL-M- 38510 
slash  sheet. 

• * • 
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Outs t Ion  #15:  Mow  con  the  procurement 
specifications  for  complex  LSI  devices 
be  standardized  to  reduce  the  redundancy 
of  documentation  while  requiring  less 
effort  on  the  part  of  suppliers  in 
providing  the  specified  testing,  etc.? 

7.  a.  Fund  an  agency,  ideally  a a ser,  to  define  the  chanactaA- 
istics  electrically  and  allow  for  these  characteristics  to  be  Apectrfted 
fo> i the.  MIL-M-38510  device  prior  to  full  qualification. 

b.  Allow  "off-shore"  build. 

c.  Utilize  the  MI L-M- 38510  approach  only  to  improve  on 
"turnaround  time"  and  standardize  the  product  mix,  and  not  as  a universal 
specification  requirement. 

* * * 

8.  Establish  one  basic  standard  and  insist  on  adherence  to  it. 

* * * 

9.  In  cases  where  custom  LSI  is  being  used  in  a SAM,  very  care- 
ful  consideration  should  oe  given  to  the  elimination  or  minimization  of 
the  detail  device  specification.  The  creation  of  an  artificial  intermedi- 
ate level  (LSI)  device  specification  may  have  very  little  value  to  anyone 
and  can  result  in  considerable  expense.  If  required,  they  should  be 
purely  form,  fit,  and  function.  If  a second  source  for  the  device  is 
available,  the  critical  documentation  will  be  the  manufacturing  build 

and  test- related  documents. 

Current  practices  are  not  all  that  bad.  In  order  to  assure 
that  each  vendor  knows  the  requirements  and  that  the  procurer  will  have  a 
minimal  problem  of  interchangeability  between  vendors'  devices,  the  pres- 
ent system  seems  adequate  except  in  the  area  of  functional  test  [test 
vectors).  The  availability  of  test  vector  translators  will  reduce  the 
efforts  of  both  supplier  and  user.  If  possible,  standardization  efforts 
between  agencies  [NASA,  NSA,  Navy,  Air  Force,  etc.)  would  be  beneficial. 
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(kmtlan  #15  rnm  com  tlM  »r«cur«Ml 

»ptc»ftc«t*OA»  for  .si  *|ICM 

»tOM*r4liod  to  rotfwc*  to  ^vd^dOMCf 
inrimititiofi  ^*t1«  r%qw  r1nf  \%%% 
•ffrt  on  tkt  Mrt  of  »«**>  «n  in 

to*  IMcIflM  tMTlOf.  otc  ? 


Ge.ne.Mlty  i> peaking,  equipment  manufacturers  prefer  to 
itAuc.tu.ne  test  programs  that  precipitate  failures  at  the  lowest  possible 
level,  as  thl 4 is  usually  the  least  expensive  approach.  Reducing  commer- 
cixil  LSI  supplleA  testing  may  be  counter- productive  and  result  In  hlgheA 
equipment  costs  due  to  Increases  In  the  equipment  manufacturer's  test 
costs.  The  cost  of  tooling  a commercial  LSI  supplleA  ( e.g .,  Intel,  T I, 
etc.)  and  Aesulting  AecuAAlng  test  costs,  mill  be  substantially  less  than 
establishing  a device  level  test  capability  fa  A each  equipment  manufac- 
tuAeA.  This  has  been  pAoven  tAue  In  the  past  and  will  be  so  In  the  future. 
TheAe  Is  a a eluctance  on  the  paAt  oi  commeAcial  LSI  supplieAs  to  peAfaAm 
adequate  testing  because  oi  competitive  pAessuAes.  Effective  test  specl- 
facatcons  will  pAeclude  vendoA  shoAt  cuts  and  the  50%  LSI  yield  losses 
being  expenienced  today  by  some  equipment  manufactuAeAS  at  thelA  Incoming 
test  opeAations . 

« • « 

10.  The  question  can  best  be  answeAed  by  suggestions  fa om  the 
supplieAs  themselves.  Once  the  SupplieAs  agree  to  a common  appAoach,  the 

suggestions  should  be  Submitted  to  the  users  faA  comment  befaAe  incorpor- 
atlng  them. 

* • • 

11.  PAocuAement  specifications  In  the  MIL-M-38510  data  sheet 
favnet  seem  sufficient  to  pnovide  pAotectlon  to  the  using  agency.  What 
Is  needed  is  sapid  generation  and  availability  of  these  data  sheets  from 
the  appropriate  agency. 

* * * 

12.  The  procurement  specifications  for  VLSI  circuits  must  be 
developed  quickly  with  the  manufacturer  and/or  manufacturers;  however, 
due  to  the  Initial  investment  and  volume  usage  of  VLSI  circuits,  there 
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OuMtlon  #15:  Hnr  can  the  procurement 
s pacifications  for  coeplea  LSI  de vIcos 
ba  standardized  to  reduce  the  redundancy 
of  documentation  while  requiring  less 
effort  on  the  part  of  suppliers  in 
providing  the  specified  testing,  etc.? 


mil  be  limited  sources,  and  In  many  case*  sole  souf ice  supplier s.  This 
uxill  dictate  very  close  liaison  between  6u.pplie.fi  and  vendor.  Undefi  current 
government  regulation , thi&  Mould  6ugge&t  that  future  requirement*  from 
the  government  6hould  be  defined  a*  6y6tem  requirement* , and  place  the 
re*pon*ibility  on  the  equipment  manufacturer*  to  handle  LSI/VLSI  component 
*election  and  procurement. 

* * * 

J3.  Adopt  a fa  mat  Mhich  is  similar  to  a commercial  part  data 
*heet.  Thi*  Mould  cover  performance  data.  Quality  and  reliability  docu- 
mentation could  be  obtained  by  referencing  existing  documentation,  *uch 
a*  MIL-M- 38510. 


* * * 

14.  Specify  parametric  te*ting  on  the  ba*i*  of  a standard  test 
chip,  and  provide  the  test  vectors  and  test  set-up  to  be  used  far  testing 
the  Mafers  and  packaged  devices. 

« « * 

15.  Procurement  specifications  should  folloM  the  general  format 
of  MIL-M-3S5J0.  Each  requirement  should  be  carefully  considered  relative 
to  importance  and  overall  impact  on  cost  and  long-term  availability  of  the 
device.  Above  all,  the  specifications  should  clearly  state  the  require- 
ment* and  be  devoid  of  ambiguities.  Use  of  specification  jargon  should 
not  mask  the  communication  of  requirements. 

* * * 

16.  Use  the  format  used  by  MIL-R-5757,  Mhich  has  basic  require- 
ment* Mith  a slash  sheet  covering  the  unique  requirement*  for  the  device. 

• • » 


17.  No  comment. 


* • • 
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Ouestlon  #15:  Hm  cm  the  procur—ant 
specifications  for  complex  LSI  devices 
be  standardized  to  reduce  the  redundancy 
of  docunentatlon  while  requiring  less 
effort  on  the  part  of  suppliers  In 
pro  el  ding  the  specified  testing,  etc.? 


18.  No  comment. 

* * * 

19.  a.  Coordination  has  been  attempted  between  the  government 
[VESC,  RAVC/RBRM,  NAI/ELEX,  SAMSO , WSA,  NASA,  etc.)  and  Industry  (EIA, 
JEVEC,  AIA,  etc.)  to  standardize  LSI  procurement  specifications.  The 
results  of  these  efforts  have  been  minimal  in  proportion  to  the  effort 
expended.  Users  shade  their  specifications  toward  high  performance  for 

a particular  system  rather  than  high  yield  with  a compromise  on  perform- 
ance. Manufacturers  individually  cater  to  these  demands  wherever  there 
is  a profit,  while  at  the  same  time  voicing  an  Industry  Association  posi- 
tion for  a common  specification.  A firm  commitment  by  VoV  to  enforce 
coordinated  standardization  at  a performance  level  consistent  with  high 
level  yield  would  be  a step  in  the  right  direction. 

b.  In  many  cases  the  test  requirements  to  meet  government 
specifications  differ  from  the  manufacturer' s standard  product  line. 
Coordination  in  this  area  could  also  be  productive. 

c.  Strictly  restricting  government  specifications  to  form, 
fit,  and  function  would  also  help. 

* * * 

20.  Issue  M1L-M-38510  specifications / qualified  parts  lists. 

This  will  provide  for  common  documentation  and  manufacturer  processing 
and  testing. 

* * * 
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DEPARTMENT  OF  THE  NAVY 
NAVAL  AVIONICS  FACILITY 
INDIANAPOLIS,  INDIANA  4621S 


IN  MFLY  PIFt*  TO, 

908:RRJ :gh 
5200 

5 OCT  1977 


Dear  Sir: 

The  timely  use  of  large  scale  integrated  (LSI)  circuits  in 
Navy  avionics  equipments  promises  advantages  such  as  lower  cost, 
smaller  hardware  size,  reduced  power  consumption,  and  improved 
reliability.  However,  the  use  of  LSI  poses  problems  related  to 
the  limited  quantities  required,  long-term  logistics  support,  and 
potential  mobilization  needs. 

How  should  the  Naval  Air  Systems  Command  facilitate  the  use 
of  advanced  technology  microcircuits  in  avionic  systems,  while 
insuring  adequate  support  of  logistics  and  potential  mobilization 
needs? 

With  input  to  this  question  and  others  from  a broad  spectrum 
of  both  industrial  and  Governmental  activities  involved  in  advanced 
electronic  technologies  and  their  applications,  the  Naval  Avionics 
Facility,  Indianapolis  (NAFI),  in  support  of  the  acquisition  manage- 
ment wing  of  the  Naval  Air  Systems  Command,  is  working  to  formulate 
a management  program  for  utilization  and  configuration  control  of 
commercial  large  scale  integration  and  other  advanced  electronic 
technologies  comprising  Fleet  hardware. 

Your  comments  and  suggestions  to  the  questions  provided  as 
enclosure  (1)  are  invaluable  to  the  formulation  of  this  program. 
Enclosure  (1)  is  not  to  be  considered  as  inclusive,  so  other  con- 
siderations are  solicited.  Also,  please  provide  the  respondent 
information  as  requested  by  enclosure  (2) . 

It  is  emphasized  that  this  is  a survey  and  this  request  does 
not  commit  the  Government  to  pay  any  costs  incurred  in  the  sub- 
mission of  your  input. 

All  communications  or  questions  regarding  this  survey  should 
be  directed  to  Ronald  R.  Jennings  at  (317)  353-3080. 


908 : RRJ : gh 
5200 


In  order  to  facilitate  evaluation  of  the  comments  received,  it 
is  requested  that  your  reply  be  forwarded  to  the  following  address 
on  or  before  25  November  1977: 

Commanding  Officer 
Naval  Avionics  Facility 
Attn:  R.  R.  Jennings,  Code  908 
6000  East  21st  Street 
Indianapolis,  Indiana  46218 

Thank  you  for  your  consideration  and  assistance  in  this  matter. 

Sincerely, 

[ ’ 

ROBERT  J.  BARNETT 

Acting  Director  of  Engineering 

Enel: 

(1)  Survey  on  Managing  the 
Timely  Introduction  of 
Large  Scale  Integrated 
Circuits  into  Military 
Avionics 


(2)  Respondent  Information 


SURVEY  ON  MANAGING  THE  TIMELY  INTRODUCTION 
OF  LARGE  SCALE  INTEGRATED  CIRCUITS 
INTO  MILITARY  AVIONICS 


1.  How  should  the  Naval  Air  Systems  Command  (NAVAIR)  facilitate  the  use 
of  advanced  technology  microcircuits,  while  insuring  adequate  support  of 
logistics  and  potential  mobilization  needs,  and  protecting  itself  against 
supplier  catastrophe? 

2.  How  should  NAVAIR  protect  itself  from  the  ever-increasing  problem  of 
devices/technologies  that  become  obsolete  (unprocurable)  during  the  opera- 
tional life  of  avionics  equipment? 

3.  Faced  with  an  ever-decreasing  market  life  cycle  for  semiconductor 
devices /technologies,  how  are  the  commercial/industrial  producers/customers 
dealing  or  going  to  deal  with  device  obsolescence? 

4.  How  should  complex  LSI  devices  be  specified  to  Insure  adequate  perform- 
ance, and  assure  quality  and  reliability? 

5.  How  can  LSI  device  qualification  and  requalification  be  accomplished 
at  reasonable  costs? 

6.  Please  comment  on  the  problem  of  testing  complex  LSI  devices. 

7.  What  should  be  done  to  make  custom  LSI  circuit  development  costs  and 
turnaround  times  affordable  to  NAVAIR  and  its  contractors,  with  low  system 
and  schedule  risks? 

8.  What  semiconductor  technologies  are  required  for  future  avionics  systems 
that  will  not  be  available  in  a timely  manner  as  spin-offs  from  non-military 
products?  What  developments  should  be  funded  by  NAVAIR?  Why? 

9.  What  changes  should  be  made  to  existing  MIL-speciflcations,  standards, 
requirements,  and  policies  to  facilitate  the  introduction  of  advanced  LSI 
technologies?  (Be  specific.) 

10.  In  what  ways  could  avionics  equipment  procurement  practices  and 
policies  be  changed  to  enhance  the  introduction  of  advanced  semiconductor 
devices? 

11.  How  should  Government  LSI  device  standardization  efforts  be  directed 
to  minimize  the  proliferation  of  devices,  but  allow  timely  introduction 
of  new  LSI  in  avionics  equipment? 

12.  What  documentation  data  should  the  Government  require  in  order  to 
realistically  protect  its  interests  in  procuring  and  supporting  avionics 
equipment? 


ENCLOSURE  (1) 


13.  If  you,  as  a contractor,  enter  Into  a long-term  warranty  agreement 
with  NAVAIR  on  a particular  avionics  equipment,  how  will  you  protect  your- 
self against  technology  obsolescence? 

14.  Comment  on  the  concept  and  techniques  for  storing  semiconductor  devices 
in  wafer  form  until  logistics  or  mobilization  needs  require  that  they  be 
diced,  tested,  and  packaged.  Comment  on  knowledge  of  the  aging  character- 
istics in  wafer  storage  of  the  specific  technologies  with  which  you  have 
had  experience. 

15.  How  can  the  procurement  specifications  for  complex  LSI  devices  be 
standardized  to  reduce  the  redundancy  of  documentation  while  requiring 
less  effort  on  the  part  of  suppliers  in  providing  the  specified  testing, 
etc.? 

16.  Please  discuss  other  considerations  that  you  feel  are  important. 
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RESPONDENT  INFORMATION 


1.  Name  of  person  responding  Co  the  survey  questions: 


2.  Mailing  Address: 

Agency : 

Mail  Code: 

Street : ___ 

City,  State,  Zip  Code: 

3.  Telephone  Number:  ( ) 

Area  Code  Number 

4.  May  we  contact  you  for  further  information?  Yes No 

5.  Would  you  be  3vailoble  for  an  on-site  interview?  Yes  No 

— 

1 9 

6.  Should  another  person  at  your  facility  be  contacted? 

( ) 

Name  Area  Code  Telephone 
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ALU 

AR- 

CAD 

CCD 

CMOS 

CMOS/ SOS 

DDR&E 

DESC 

DIP 

DMO  S 

D-VMOS 

DSA 

DTC 

ECL 

ECOM 

EIA 

FPLA 

GaAs 

GFE 

IC 

I2L  (IIL) 
JEDEC 

LST2L  (LSTTL) 

MESFET 

MIC 

MOS 

MSI 

NASA 

NAVELEX 

NMOS 


LIST  OF  ACRONYMS 

Arithmetic  Logic  Unit 

Aeronautical  Requirement 

Computer-Aided  Design 

Charge  Coupled  Devices 

Complementary  Metal -Oxide  Semiconductor 

CMOS/Si  1 i con-on-Sapphi re 

Director  of  Defense  Research  and  Engineering 

Defense  Electronics  Supply  Center 

Dual  In-Line  Package 

Double-Diffused  Metal-Oxide  Semiconductor 
Double-Diffused  Anisotropical ly  Etched  Metal -Oxide 
Semiconductor 
Defense  Supply  Agency 
Diode-Transistor  Logic 
Emitter-Coupled  Logic 
Army  Electronics  Command 
Electronic  Industries  Association 
Field  Programmable  Logic  Array 
Gallium  Arsenide 
Government  Furnished  Equipment 
Integrated  Circuit 
Integrated  Injection  Logic 
Joint  Electron  Device  Engineering  Council 
Low  Power  Schottky  Transistor-Transistor  Logic 
Metal  Semiconductor  Field  Effect  Transistor 
Microwave  Integrated  Circuit 
Metal -Oxide  Semiconductor 
Medium  Scale  Integration 
National  Aeronautics  and  Space  Administration 
Naval  Electronics  Systems  Command 
N-Channel  Metal -Oxide  Semiconductor 
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NSA 

National  Security  Agency 

NSWC 

Naval  Surface  Weapons  Center 

NTDS 

Navy  Tactical  Data  System 

PLA 

Programmable  Logic  Array 

PMOS 

P-Channel  Metal -Oxide  Semiconductor 

PROM 

Programmable  Read-Only  Memory 

RADC 

Rome  Air  Development  Center 

RAM 

Random-Access  Memory 

ROM 

Read-Only  Memory 

RTL 

Resistor-Transistor  Logic 

SAMSO 

Space  and  Missile  Systems  Organization  (USAF) 

SOS 

Si  1 i con-on-Sapphi re 

SSI 

Small  Scale  Integration 

STTL 

Schottky  Transistor-Transistor  Logic 

T2L  (TTL) 

Transistor-Transistor  Logic 

VLSI 

Very  Large  Scale  Integration 

VMOS 

Anisotropically  Etched  Metal -Oxide  Semiconductor 
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